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# C-J 

( e 
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-;c£ljbikl j^ji 2 .^Jj Lao a jLifr j£i ^oaVl AjI^VI a jib ^ua ; Lilli 

Cjlii AlU.) [ Ar ] 4s° , 3d 5 >* II j j^>b\ l jj-jV cs-ijj^V' ,ji3l <jV jj-uisll ,l_j (l 

[ jMII j jW loll jj_iV ^gjj j&l'iH Sift j^l lolij ( jl'ioo i. ^c. jill j jIuloII jj£ 

' .(IjIjSU jai) Ar ] 4s° , 3d 6 

^ ^ olj_ill jc- JL*jS/I ) nS (_£-& jail jjLuioll (jo Vji lAJLaS ^iL) CllLij ji£LWI jV JJ <*iVI11 j (Y 
_43\Ja]| ^3 Lo^-J jliil ( n — 1 ) d (_5-C-ja]l L$ jLloII (jo lA^a3 

jill (_g jl.moll ^j-3 Ajjill 4 JL 2 JI (joLsdll j_k^ajaJ j j&WI l_LS jill jV JJ < tiVIII ,L_1 ( V 

jiiSl j 1'ioo <■ i >.s\\ 4s 1 ^j-c-jill jjixooll Loi i4_i!>liol aLoil Ijiaj LLii jli£i jjSjs 3d^ 

h\Ji 

_AjA^JI jo 11-il >« j jli£l ^jj-ljlfLuAI jSf JJ< *i Vi 11 -i (4 

• 3d es-c- jail jjluLoll jo ^ V jl 4s cs^ jail ^ jJujiiHl] ._=>. (® 

5 ) SJjioll ciilij ji£JVI ^ CjUjjVi o^a jji£>\ Mn“ + jj i> loll jjji jj< «Vlll ^ (1 

JlB. AJbdl A-iiUu^l l^\ ^ Uo Sjb& ja g^Vl AjUVI ^ Sjib ; EE 


( tiluiiL l_l^S ) -; djbikl 



( 4 


r 

# C-J 

c 

\ 

0 

j 

( A 

j 

( v 

# C-J 

0 

•-?■ 

(0 


-; AjjVI (Lljhxil jC- Lraic- jjju 4.I0A ji 4 _al£ t_u£l ; bulj 


i (jul ~v ill 

( Y 

.^JlioiVI jfilall 

l ( 1 

i""Y •'/"., .11 

( £ 

. II Aj^JI CjVLoSjI 

( r 

il^ll ■ j ^11 

0 


(° 

.( Ill ) aJL l£3\ oj g 11 

( A 

.( ClJj^loll HI JjJ^II JlluiSS ^ Ciijjojlll 

( v 


0* 

(jsLOSk 

1 




Y. W / Y.U 


^ * 
























































_■ CjljLadl (jj* J£i Lj-aic- ijj<*i4*i i_u£l ; LuiaIa 

Lajjj ( ) ^gll-a-a (■ 3d^ l 5jluaJl 4 _i 3 JJX .l).dJl (jjjl (jV (A 

Idnj , JlJjHa.'lH 4_iLac- i. i» ><ai 1_A4 ( IjljaiLujI ) 3d^ (_5j'i mJl 4 _i 3 (jj£Li II 

J) (jj-ji ^g-l) 4_l_jdi dc. j ( JSi ) 3d 4 ^gC-^jJl (_g jlunall (jj£a III JiW'iJl (jjjl 

1_A4 ( j-ii£l ) (j; l'i-4 4 <■ q >^)'i 3d 5 (_j-C. ^)i]l (_£ jdmJl 4 _i 3 (jj-£j ( 4_llj)ia.l ) II 

/a-dS^I A i\,ac. i._m isi\ 

dljjjli£i]Vl dc. 1—ailJ dUjj&SI A tu-a-v y& Mn" + J.J>iJt (jjjl (jg$ aC^iall dlijjliSWl dc. (Y 

.lie. ael_lJ>J ^ ■ ajJal i» ^.11 CleJ^-l .iala 4_*j^)i jJb Fc” + ddJI (jjjl ijg^ SJ_jLa3l 

/aC^iJl 

IJLa. ^g. s->x l ^ 4_jjS (_5-5jS/t 4_JliliVI ULuUt (^.3 A Sua’i ^gli]l yt.s->\ ‘m 11 4.1 d ^ .l).laJl j..o ic. (jV (V* 

■ 4S , 3d (jJJC- jAll (jlljlLmall dLijjlfLI) ^ Jxi-N ^ j^a. ^gic. J.li Am£u 

4_ijla j_lC (jj^J 1 dll id 1 ' ^ JLlllJjbU a-^lllLaVl Aic 4_i_jla A jllsn^l j >,al la11 (£ 

,d° iJ* j'd 10 J uj^ 

4_ljdC .lie. j 3d 4 (_ 5 -E-^)illl (_gj~1 mall ^g-3 .idj C^ia ^jjjl£]l 4j 4ljJI 4jl_aJI ^jjAilSjuiS/1 (jS? 
j 4s (jiijlLuiall dlijjliSi]] jjji. ^gJc. J.li +3 .1*^^ 4JLa. <_5-2a*J 4-iiLiai£ dli£ja <^1 

(^gic A iHsTiVI ^g3 (j !A u^al -n AAlatlij 3d^ (_£_j1uaa]I ^ 3d 

.d 4 ’ <4 (^c-(_5 j1uiaSI Cj^llijjjV ^gjj^JI 

u>^a ^Lj (ji 3d 40 cs-c- jsJt L^ia <jj-Sj Cu 4+ uj-j' CiLjS ja ^ 

1_£J3 (jj-^-! Cu _+ (jjji CllUSj-a 1 a !ij oJl^La CjUjjjS]] A j > 1.1 j3-i\ 1 » oLj'^ 4jU£j-a 

/sJ^jixs iHiUjjjS]] A imn3i\ i»x>I^)Ij Clil i^ j^a 4liljSj^ (jj£li3 3d^ t^' (_$j|1L.iiaSI 

Clll—jjjjSJJ ^ jxi-N ^ jj_i. ^g_ic- (Jdl ...1 ,,^Ij 4_lli. ^ Ina'l V 4_Lalii]l 4_c. j/j-y/ill j ic. ^ jxa-% (jV (V 

.+6 ^ cs ^>ai <jj£ia 4s , 3d 

AcuiS! ciiilii (ji l"i j-vj SO3 L —ecui£! ciillii j II eje^JI ecuiS! ^gJj II lue^JI CjIjjjj£ (J^lli (^A 
HI ejiaJI .\i ^gJj II eje^JI exuiSi a-im^L j»j%a AuiSj-a (J-«lc. SO3 t — 

S 0 2 t —<_5^) SO3 ciillii ?-J)^ Lmj 

^g 1c. 3d 6 >«xa\l plj ‘i'vV 4i >i.n}-aLlj(^al^)lj ijeL-a .V i.k11 ollj-j (jl ^ \c- leL-alic-l dLlij ^ H 

oil 4 (jj v^ajLiJ! _ui 4 1 aIij _iJl (_3 filial <» a]I Jl a-all C■ li -y Vi "a^y-ka dll ijjliS]! 


Jl_i-Jl ^)3l Tift iiejda dLijjli^ll 3d 40 (_5jj-uiJl plj ~i~vl ^»lLaJ A j mi iJ-n\ i»4Ll'e 

.^g^-jliJl ■ ujJal la. ^11 

,4jilll 4li]l^ ^gi LiJ (jj£ja JLldJl jjL-ajc L 4 I 4jaJI 4ll]l^ ^gi LuiA (jj^l Jjl> 14 H jV ( ^ * 

JS ^Ja_uj (^g-ic- d tu^Vl (j-4 4_ii3j 4_aJa (jjSlll) dna. (jjyxs-i'tx ]i jJJl Jj^i. o^jAlJa djdJ () ) 

, Jr-1 q’ill jljdml (_j^i A )a~\"\ jjs 

.JdfLa 4jUa (_^jlLui4 jjoiS lilli ^ jVimj Cilia, lla. J£d <jjUl ^-lilij'^ () Y 
. Jj’i-d J 4 IJ 1 S 11 til dC^l Jj HI dCaJl djjlS JlJjll^V l^Jal ^ V 

Fe s + 2HC1 2 , -1-> FeCI. (lll|( + H 2(g) 


Y* W/Y. U 


\ \ 














; I—aL— 

A aAaJI till jA (j— l-i ll< (j- (jj£jj ( _ 5 ill Al.wll <liii 4^1 in ^gjl ( _iq-y-ll tilljjlSjjAl/l (_jia—a». 4il—kail 

Jais 1 l.wll £-a i ail-all t£ll^)/l£ j^jAjg II (j>».<a*v (Jc-lailSl 4 4—al^i-l j—aic. (j£ laVi^> i tllia. 4(j_jJ^)£llj 

' A^j—jl a—£a (j^l^)Sll l£jll JJ All^ll Al^j^lS lij^- 

Fe <„ + 2HC1 2 (g) - ™ - *FeCl 2(a( „ + H 2(8) 

_■ <UlUlj AlLuiVl l _ J -lc- «—i^i ; buLui 


C5 _lc- 4_ijla-all 4-ljliSll <jj-l 3a S°l ^pill 4_l2l£ SjJial (_£ JaJ| ^I^Jl ^1 t-Llllii AjUjVl v£ljJ -iHc. (4 

L—ill ( Ijl^pi—il (JaS ) 3d 6 (^C-^plI (_£ jl—a—Jl L^j 3 jjjfai II AlliJl t" ll i^j-a (jV II AjAaJI tlllll^jlS 
SLlid <2Ltia| JL iS> 1 A \ \\ —il ^pSI ) 3d 5 (_ 3 -C- ^)ill (_£ji—i—11 (jjfii III AiAaJI tilli£j— 

^ullS (jj^.jjA jg 11 jLc. Ac.L—all <_juaUl AjujVI ^-1| ^ fl 4-\a jljjiS q^xaslj A_jA aJl SaIjj <j- 

- ;4 illill <1 a1.».— .11 Ixii ( (_ 5 jA Jjila (J— Ic- ) Jclisll 


Fe s + H 2 SO 


4 aq. 


dil. 


->FeS04aq. + H 


l 2g 


II j+a^iall jj-l CP) <1 J=^ III j_iia-Lall till li^il ^ 1c. <ijii—all jl n!V' 4_ijiil <jj-l ji*ii3 
4_il—c. tlijAiaJ HI AjAaJI tlilji^)!^ 4-ijla.all jUH'il t_uilil (j/ jixii l-£ .Ijljli—jl jlS'il 

_II AjAaJI tlllii^}!^ <_/! <ljVi- 1/ (JljUl 

_: ^ LaL^I i_i— illall p\±l\ jLulV <Apl\ Lj^l (Y 

,-lai—il <i3 t_iil j— ill t- n*s jl ^ Y .ojii£ ^aLllI ^ AilaJI <1—1 ( 1 

1 gl uai (j_j£j (jlj ( £tlijJ)ll — _jjA— i^All — tlll^jlSlI ) ^laJll 4_LaliiL—11 ojl—lall ^)-^aliaJl 4_ic-^j V 

2 US 

• gr?J^' — J«^l' : tjA diU-rtll (jjla 

till!JJlSlVI Ale. ^ ll iM-V ^ll ^ali .(jjjl jl (Js ^ jjWLall (jjjV A—iSliill AAc. ^ ll m-y ^all ) ( V 

.( cs-1^ LaS LgjlijJ ^llj iit-all j»J)*JI •^•4^1 ^»ll <llc. j JS1 oA^)iall 

< Mn0 2 < Mn 2 0 3 < MnO 


Mn 2 0 7 < Mn0 3 = MnO/ < Mn0 2 < Mn 2 0 3 < MnO ^ 

"d° d 1 d 1 d 3 d 4 d 5 

Zero 1 1 3 4 5 oAjiall CiUjjiSlVI aa& 

Zero 1 1 3 4 5 ^n lal'i^ll ^j*ll 

tdlA A-aiajj Ti < Fe < Ni < Cu (^.A (^-j^j^SII ajlll LS lc- jiall ojA3 oALi j ^ Um-v l_iji jail ^ £ 

aIaJjA i" 1 l*-a 3d J 4S (jiijl—all tlllijjlllj (j^a ^^lill <lj>lall 4jail^)ll oj3 ^/c- 

<1iIa 1I jilSalt lilijjiSLlI aac. aLiaJjIj 

oA_p^^all oA^jlLall tllLijji£JVI AAc. ajl-lllklj <ili£j^a (jljll a_s!-lll.lj J)1 a1i j/lilil nic- ^j^>Sll 

4 ts-lc. (j 3 -ipi II f jj-^ll 2 pjjlS t_i_^ j* ^_i Cr" + f» uj-^ 1.3d cs-^ j^l' l s 

ClllijjlSlj 3 (_gllc- (_5jl^J HI ^aj^)£ll AjjjIS t_lSj-a ^ Cf 3+ (jjji Lalll oA^jia Clllij^pSlI 

2 A^)ia 

(j-a <1—1—a j_lC- <S—jLala <ii3j 4 gjla (jjSli A lAa.II J>Js ^-a 11 illljllill (j>»-~s (Jc-lil lie. (Y 

4 (Jljp (jl ^ J>lill (Jj—1. o^Ua ^ (Jc-lilll jlj-:L.i.il (j— 4 i-Vl jiall ^Ja—i (/c- Al—iSVI 

jj^a <ajJa (jj Hi ^aj^SJI J>la <ll_a. ^j.3 1 —ill _4_lia-al! illij/lSj jligJI (jia—a. ^ Ai-iSVl 4 jIaI jl 

L— 4 —ii ji—1» 11 tlll^jA ^k-n~s (j— ^>iSI (jjSa-ll Ai—i^VI liliijp. ~s jjjSij <^Ja—j (/c- Ai—i^VI 
jpa— uiSi ^-a ^aj^^ll (Jx-lii ^)l^)-~i — il ^ 1-1 Al—4_£iJa (j-a 4*\ — A li-l.—a— J- 1 C- 1 *v la .a ^/axi 

_jaJI 


Y. W/Y. U 


^ r 





















oA^J ~ ■*>.II (jV c2JAj AAjtll oA1_)J>j 4 jUnVI ^.^alic. 4_3liiS aIaJjj 

.4jja1I oaIjJ) _^a AiliiSJI oaLJ) ^ J^laJli lilli ^jic. j Liijaj ciulii ^..2 ~m \\ 

L-jA -vli o_^3 aIaJLS sIj21_j A W >«\l aAljJ^ <- a.^Vi (JSj ^jA]! AAaJI oALiJ^j i 

) ^j^>£ll (j-a ^)Jaa3l <■ L.Vtl Ijum'i LLu CllAajS LJ ‘UaijAil Lai . jja2l <■ q..a't (JliS Clsljj jli£]5U 
CllA-a.j A Lmlmll (j.Lx>iI l ±q Vil l aV\A (jj-m£lxlLa (jjLaLaJ iAJa ^jail.-yill ^gjj ^ 24 lS^P AAx- 

“.; JLUI 


AjJjjS i_yi il ~vi\i ^gJi 2)-* SjaJI djLjjliS]l AAc. aIaJjjj <Ulxi]l al_p]l A W.w aIaJjj 


ojA]I ^>la3 <. L^i'i (j-aaj (J-a*J La-a CllljjjjfLiVU l g i,h 
^)Ja3 a '< i/ii SaLj j <_j4c- J-a*J l-a-a L*-a 1_A ^)SLl] AlAj)_i3 3d ^g-C-^^l (_gjlL-a>a]l ClAijjJ^]] aIaJjj • 

/ajA]l 

(__aLi-aji j»Ajtl l^)3aj 4_alik-a]l idjLljuJi ^Lliij ^^.3 A iSlalllVI -duiLJI 1C- ^>1 AaJlml (j^-ai 

^ya ^jiaali a ‘l.L.aii ^ n«i\l Cll_jjii]l ^jc. bUCaS ^jVI CJLaluVI 'LLuiluiIl j>^il'm \ IjjliS 4jj2l jUaSVI 

■<2IAj1uiVI iLLUjuJI 4c-i U.O o^)AUa]l oAA CllaAidoji .(jjLaill ^1 j»jj^l 

Ni 28 d-^21 iC-C. (_5 jLJI AAjdl SaLj^J ^jjA2Lj 4_jjA]I 4_]jSlII aIaJP ^gJjVI A ,.i\l?i iVl 4i-mL2l ^^3 ( ^ 

.58.7 joiaJI JajujjlLa]! (J5j2\ o^jilLuua ^pLlaj A >«-aA Aja._j] 


, Wl<a L_S ^ ia-La]l (_J4aJ L-aiiJ . jLia. J-alc- ^alAiCl ■ alJ iaJ. j^j2i 4_sUa 


^ g. WU\ i (J4aj ( ^ 


. jlia. (J^lc- ^lAaCLuil (jjAj J-aniiiViii 4jUa 

.Jja. 190 (_b»lc- ^lAaJLuil (jjAj JalLajjJI <sLSa 4-aj3 ^ Y 

150 <_J-oLc. ^Ia^ILuiI Aaj JaiLullII 4jUa 4-aj3 ^ V 
.ojl^pLU AjUa Jc.U2l lAA ^ £ 
70 L5jl ja1 - 1 lAA 4jlla ^ © 


O' 


jji 

^1 L)J^» 

42jlL2l <La>,j 

x mL. 1I jljtjl 


Jj^ll 

2CH 4 s + C0 2 g + H 7 f\ 

3CO g + 5H 2g 

c« + o 2g co 2g 

CO, g+ r„ A > 2CO g 

Jj AJcLua 

J_»U1I ij—k 

Jj^l 

^jjL-all jlJdl jJt> 2^ La-21 2-al*JI 

H 2 <_5 j^-c- lH® Kl 1^) 

.( CO u^j^' AjxuSi Jj'j 

(Jjl _C- J_A (J^_cUl 


. Ill CjAaJI Ajjoi^I 

. Ill AjAaJI AjjqiSi 

^A^ILuiaSI ^LiJl 

2Fe 2 03 s + 3CO g + 3H 2 g 
4Fe s + 3C0 2 g + 

3H 2 O v . 

3CO g + Fe 2 0 3s Abl>, ' ! ) 

700°C ^ 

2Fe s + 3C0 2g 

Jcliili 4 JaLu> 


Y* W/Y. U 


\r 









































d&lii ^ ,ja.j j [ Ar ] 4s 2 , 3d 1 jJfc 4_±iSijj juiVl j..Vic- () ) 

.UjS jjSI 4_jjSLI +3 -i-lc. ^jJaxja 4s ? 3d CIiUjjjS]! ^iaj 

J^Uj 4Jj±i j [ Ar ] 4s 2 , 3d 10 jJfc 4 _jj£jj (jj-v^ajLaJI j fiic. 1 .aIij 

^»l_J 3d (_5_jj-ubd^ (jV Ja-SS 4S (_gj)‘l m.a\l .Vssi ^^jLxajS 

_ jIjiLuil <ILa. (_5^ J 

-; 4_pl*JI AjjLiaAII dj^iltlijJlj l^lc. (Jjj^aaJi (jS-aJ V tllljjjVl(^ V 

(3oZn + / 21 Sc 2+ ) 



j ua Loll j 

Aj-IaJI <£j-Luj 

0 

-L 3 juJ>]I jl-aj 

l 0 


Sj.J)}\ 4£jjjal 

(* 

d^^- 4 

c 

_jn~s l-all ^-a 

AJLlLoi 

0 

.11 cIjLiIj^jjiS 

i 

.^Jj^jlill £-a 

JjAaJl 4^jn« 

( A 

.^jjjllnll 

( v 

50 <— 1 IjJ^I j jkl (j-a 4_ajU 

]l LaLa. 

0 * 

50 *•"' ljjSJI j daj (j-a 4 Vil ill Lala. 4jtjuji 

o 


























Ja. I4J) Ajjjit jssil Ui 


H = 1 

C= 12 

N= 14 

0 = 16 

Na = 23 

Mg = 24 

P = 31 

S = 32 

Cl = 35.5 

K = 39 

Cu = 63.5 

Ag = 108 

Ba = 137 







.; gjL Lm SjIjC. J£J ^*^Vl 4 jL^VI sjjIa ^Ja : Vji 

oAIj j (jljji]! 4 j£-aJ 4_ilLi]l CIsIAjjuiSjjAj^JI j-« (jl ( V 

3 u *\^\ jj Ai& .( 1 3 u .A j jAiA J 

_Jaa3 u j I _J _JJ jjjI Mil AluiSjjAiA _^. 

til; jj1^jj XlQ SI jia-asLi Jj A.a j-« 125 ml ^-1 Ji\je—al 4-aj5UI ^j-Lmic-Lall AluifajjAlA 4jj£a La ( Y 

.0.136 mol / L 0 JyS jj 
.0.493 g .0.2465 g J 

.1.972 g .j .0.986 g 

KOH J>1^ a-* 10 ml«. 1 1 M * j &jj H 2 SO 4 t^jjyjy^ c> ml. ?jk (f 

. 1 M <> jy£ jj 

2 .j 5 .-* 20 .sj 10 J 

. 1j4j jiaJ ii . Luilj jj 5 11 .2J-Saua ^31 ^jlAjk.**3l Altj jAiA 2ji^-a 43L-ial Aac- ^ £ 

jj_l jj 5‘n ^jjjl—il! Ajjj 1£ ^_La t _ 5 -lj (Jj g -v.a\l jj A-all Ia_& 4i1_ubl A ic.j k4_La oAl _) jll ^g-3 


.u^yy' / Al 2 (S 04)3 .yy 
_ jja^ jjAijjS / FeCl 2 . J 


. j*=^ cs-y / FeCl3 

. jAy' / CaSC >4 


ji*j l$3l& jjij CliAa-j IajAui 1 Lb-mJ 4aijj ^ dljAfrlall ^jjjLill AjjjK (ja 4jj& jj^-mj Aic. ( © 

Jill I ^Lull (J^Aallj 4_ic. 

dh<l l Siva I d l;< 1 1 


<J£1I 


i i 



V 

-►k>jl l 

—-—►J-jll 

—“-Lk>9' 





pUI j.- 1.26 g ^j-j Na 2 S 04 .xH 20 <3j^LLII ^jjAj^SI CiLiijjS 2.68 g jy^jj Lie. (1 

l_jSjxJ1 4_uj jail 4 » ik^nll jjfu^ 

2Na 2 S0 4 H 2 0 Na 2 S0 4 .H 2 0 J 

9Na 2 S0 4 8H 2 0 ^ Na 2 S0 4 .7H 2 0 

.jA ^jjjLill cijljjjlj 4 k^~>qll dsLjjl j - * l£ <■ lull j jj^j ^jaII j_?y^ (V 

.diljjjll .l_j . clilikkijill J 

.AjjjKSI .A .CjLjjj^jJI ._2k 

4j jiia CijLuuS 4jAla-a jm’i 4JU1I C^AU-all (jl (A 

MgF 2 + Li 2 C0 3 •* MgC0 3 + .m 2A1 + 6HC1 ^ 3H 2 + A1C1 3 .' 

LiF 

CH 4 + 2O2 * CO 2 + H .© P 4 + 30 2 * 2P 2 0 3 


MV / Y.U 


\ O 
























(jL L aa j£ i jl& <U1j£ AJJIaII A-uljajMl 11^ Al*-aJl_i ^Jaj ; LuIj 

^j-Unic-Lall tlilli^jifa j-a ^jXuiic.Lall tllU^^jfa ( ) 

_^jJjui 1 jjJI tliLaj^S ^Ui j-« III 1 Ailli^jjfa (Y 

ciiijij (jxs (jj^jjinii .iimSi (y 
^jjAj^II till jiii j/j ^»jjAjjataJI tilljii ( i 
.^j)Ju.iIj^a]I AjA^j (ja AjJl (O 


-:<> < J * 0 & lsj& ^ ^ 

.^jjjllil tlA.4>.«j3j ^jJjLJI tlllll^jlS ^jia^a ( ) 

^^■iAjja-^II Ala,j jAtA j ^^ii^-aVI Al*j jAtA ^Jjjl'sa ^Y 

.^jljja_jWI tlllll^lSj ^jlija^l tllljjjj£ (JJLa^-a (T 


_■ ' as , jHa Alluii ; IsljIj 

jl liki t_l_lllil AA)5lli ( ^ 
(Jj \~\-a jj_i Jx-lij j-a ^AiA L-LjuiI^) La 

j_a (_]_£] ^g^ajjAj >.*->11 ^_La]l j 4_jlaa]l tllljlii 

^Vjj.'jj ' ^ jgil (jAa1_a^.1 

t a fs ^ i j'i jill js Ic- tlliAjjjjA—igJlj 
L. l jll^l oA_A jj_i till m'jA AjA_a. ^g-3 1 j\ac. 

V V ^ ^ ^ Ua ^ 

4_ul_uuS 


AjjjuVI l-i AjjjuVI 


W*» 


Nal aq + NaBr aq + NaCl aq + 

AgN0 3aq AgN0 3aq AgN0 3aq 

AjA_^ .^j_lj_^aVI tllLjj j£ (Jj l-ya j_A A iliWill 4_uiaULll 4_c-_jaa>-a]l t a >«lfa (jl t"l ale. IaI (Y 
.tllljl-yl ^ui3 ? V As. ja-vall oA^J 4_i]l!i]l tl)lijjlll£i]l ^alVi jl 1 'i^s-a-a jl£ !a] ^aiaj tlSlml jA 

Sr 2+ - Na 1+ - Ba 2+ - K 1+ - Ca 2+ 

SO-, iilijjSJI aj >m^S ^jjLiij CO-? j^^^l Ajjui^i H^S j^jjAi^Jl ajjj jj£ aaI jlc. ^liii (V 

ja (j^i\-v'^\ l_jlj,aj < s !>la. ^ jisi tlllml jA AjA^. ^ .^luil IAjAjui Uij£ A n>«a Aac-lL-saJI A A In VI ja 

_pl^i] 4 jj1aII till jlijl oAA 

j-a ^ ml j3 (Jjl-vxi ^IaVuuIj (_aii-all dlnj^jjSJl (jlxaai. (Jjl^xa jj£ ji jm'll 4-a j!)UI till j)tv\I ^)Sa1 £ 

. 7 '* 4_iIAa]I ^ A j h^*ill A, u AiA A 1-iS A^jl _ ^j,., xi .V, l aLic* ^JJa 1 < a,W*Ui.i < a j* l v • ^ j j v ( ^ 

.0.2 mol / L c> 15 s jA*-* ^ t^'j 25ml 



(j-a 2.25 gm (jli jlil (jjj 43jiii] 4 a>dl Cllljllj Jjly.a IgjS ^AaLml L_ljLad! (_£Ad 
dll jdi 4ili£a t_kii^l .Yjjjli'l/l lAA jA La .jAlddl Jjly-a ^^3 L_1 jAj A >>»qll ^ld (jjill ^)L-al LIuilj 

.<J j^illl oLa LaAy'nadl A >>><111 

(_j-a A lie. ^jiy joij A ic- . JJ ^jjjl y ill (jjjl ^^ic- 1 _Ludl! (_j£LaJ i _ ad . (jLuU^I A Lad! jis J j! (jd y ’ll! 

cdii u' cs-l' 4^ 4^- ‘ 2.495 g l $1115 CuS04.xH 2 0 <-jj^l 4! n ^deLj^ 

.^)id! $.La ClslajJa. A Ac. A^j! .1.595 g ‘•"lAyjS \g11l5 

oJ-djli N2.0H ^JjAj a-dl AladjjAlA Jjiawa ^ya 200ml (_J) dsLCa! ^aj5Ul a-Lall ^y y L- U«yl (V 

.0.1 mol / L J4*-* <41 0.3 mol / L 

a-Ldl ^ 4.5 g (jJJ ^jpdjjli! *•"A 'ij jd j ^jjAj-aial! Aljjd (j_a Lij ly />C- ojdc. 4_i}C- Clip! (A 

i_ldjJ' ^_C1i j |sJj .L_U_aa jlil! J_-aj 'iy 4, >>»qll Cll! jLii (_j^a 4, id Jj.lydl ^gjl t 1; >>ii ^aCi jjakdl 

.4liaJl <^3 ^jjAj>.dl Ajjjd 4 .i>.m 1 Liiii .5.5 g *•. (jJ)j (j! A^.j3 a W-\j (jjdidl 

(_£jlisCi l^j! Cldc- 1 a! i dijA^iid! ^jjjuiic-Lal! ClsLu jd ,j-a 4_iic- ^gk _jldl a-La £ 1 ^ja AAc- l. lnyl 

. jLu «.L> l$dd ,_>a 62.26 % 4° 

(j_xs 25ml C 5 —!' 0.3M “ J-44 * -4 1 ^1—44 J j !> ■* o-^ 25ml <• L cd (^ * 

Cl5lc-Lai]l Aju 4 jd'idl Lgii'l/j^a A.1C. ^g-A La j ? oAj! j]! oALal! La 0.4 M ojdjli CLjjdjjAl^J! 

.4iiALJ! 

J. f I 

^ui3 ^ali ^gjodaliid! AjAaJ! Aludi (_j-a 4aic. J)S^a]! djjjiSjjAi^J! (jixa2>. (_^a <—LuAai !a| ^ ) 

i _ai_Ca!j 4_ijl^]l hj^l 2j\y a AjA^ oA!^)! JjV! ^ajaii]! iJluia! ^jiAjoiS ^Clil! 2j\y<a\! 

lAj >^>\! 2 j \y<a ^ali J)£j-a]! dll ^j>»<ay ) A >>a.ay.a\l ^ajluiljjll! <—ll W’ujj jj\y a < __ s _iL!ll! ajoiII] 

.(j.n\l y \l ^^3 CllAy i liLa ^jCaj t4ijlS]! 

-: ^ bw JS ^ = j! > j! < £*^0 ^ 

4.,\»_4u l^cI! ^ y y \! . C0 2 Ai_ujS! ^Lii J)Lc- (_j^a j»! ^ a aIxCIj i_ 5 A]I ^->y y \! ^) 

• CO AluiS! Jj! jlc. (_jxa Y A 

jilji A ^3 oAjia.j-a]! Cll! jLJ! AAx- . (jjjjil! (_ja ja!^^?- A ^3 oAj2aj-a]! Cll !jA]! A Ac. (Y 

CIu^jiS]! ,_ja 

-;4j 4 j .a j ‘s CAVaIxh 4jIi£ JjAj Aallal! ujLaal! ^j-a ^uUl! ACauiua j ^L«l| ^uil ^uiLujI^ T 

Jj-3aJ (jj-il! jpAx- jLc. AC-l_jk<aj L_lL-ai]! ^la]l (_iqy<a\! dj j jiSj jAl^J! (j>».ay 43 LlC 3! Aic- ( ) 

(_j-a Jd>4! CLnj^jldl (jAa-aiail 4 >>a,ay.a\! ^ajl_uiLjjj! CllL-aj^d i^s~^ Jj \y.aj 4_iiia ^Sjj (jj^ 

Jj \y<a 43l_Ca! A_ic-j ( >^-i! 4_j j] ^ \»<a j j^Ja ^_-a j-c^! Oj-U' c^! JLd^4! 

jaya L_Luil j (jj£llj ^La]l Jj\y<a ^ajlij^sV! AludjjAlA 

( jjii_juul! Aju (_pail! L_laujlj (jjSi) ^la]! Jj\y<a ^ajj >m i&LaJ! c" 'll i jd Jj\y a 43UCa! Aic- ( Y 

^)-aia.! (jj-L (jjJij ^j-Cad! jpe- (jJ-L t-L^-IS ^gPii^L dLui ^_ s ^■ ^-ldl (_j-a Jlls (jial^jaj Aic. j 

•‘^l4 3 

4 4Uljl Sjij! Ac-La-ali (j)y >mMI ^-a L_lLa^»]! ^_ld! Jd^>d! diu^jd]! ^j>iiy 43LCa! Aic- (V 
^aj_iij^aV! AlaudjjAlA Jj \y<a 43l_aCa! ALc-j i LLii.ll Jj ly<al 4_iiia dJ)j jl jS.t^il L_llad 

.4dyoil (jiaLoa-^l ^^3 p-ljAJ (^gjll^La^ (_>ap! i. 1ml j (jjSij ^Lal! Jjly a 




/JliU! ljUII 

(jL Iaa Sjbc. Jil ^-uaVi 4 jLa.VI ®I Vji 


L_J 

(‘ 


( r 

L_J 

c 

. c 

1° 

• 

( A 

. 1 

( v 

• -*■ 

0 

. c 

V 


-; gyL Laa JS ^jlc- 4j4j^ AJJ1 a]| 4_jjLlaj£J| CjVjIxa lb ^Jaj ; Lulii 


^jjjgUC.LajI CIAjj^jjS ,_j-a ^jXuiic.La]l Clllj^J^ ( Y 

Na2C03(aq) + MgS04( aq ) - i>Na2S04( aq ) + MgC03(s) 

.fjjuAjCljLa(3^ HI ^93^^ ClAliJ^jS 

K 2 Cr 207 ( aq ) + 3S02(g) + H 2 S 04 ( aq ) ->- K 2 S 04 ( aq ) + Cr 2 (S 04 ) 3 ( aq ) + H20(i) 

dujjjj i^ya -1loi£ 1 ^Li (T 

NaN0 2 ( S ) +HCl( aq ) — ^NaCl (aq) + HN02( aq ) 

3HN02(aq) - ^HN03(aq) + H^Ofl) + 2NO( g ) 

2NO(g) + 0 2 (g) — ^•2N0 2( g) 

^j-jCjn^ll Clujllj i^_ya Cll! jli ( i 

— ^5NaN0 3(aq ) + K 2 S 04 (aq) + 


5NaN0 2 ( aq ) + 2KMn0 4(aq) + 3 H 2 S 04 ( aq ) 
2MnS0 4(aq) + 3H20(i) 


Aj.2^J 


2KI (S) + H 2 S0 4 (d 
2HI (g) + H 2 S0 4 (d 


K2S04( aq ) + 2HI ( g) 


Cone. 

—>• 2H 2 0 (1 ) + SO 


2(g) + l2(v) 


-:<> J* Jjis <-*£ : 

Jaia Cjliui^3 (jA (jJajj^l L_iuiljll L_l jAj Clua. i_iq-v,a\l jj.ljg 1' a*v (illlaCLuAj 

'y~i qa ■*'i).j jCiA .a c_ jjC_j Cl \ \~s ^ ji'i/1 ''i }.z j iA J_La ^\ csCLuAj (Y 

-;4 ill'll! <Ucl*-aI] l*JJ Cl)Liia_j]l Llua 

A1(OH) 3(s) + NaOH (aq) —^ NaA102 ( aq ) + 2H20( i) 

Aj. jj-liA (j-a U^ 1 } /' *■. V, j ^jjAj-x^all Aj.,^ jjAiA (Jj, ^alAklLjuAj (T 

\-±±a \\ ^)ui^(_JA j^g ^9 l_j^Aj (_£All 


Al 2 (S 04)3 (aq) + 6NaOH( aq ) -► 3 Na 2 S 04 (aq) + 2A1(OH) 3 ( s ) 


A1(OH) 3(s) + NaOH (aq) 


NaA10 2 ( aq ) + 2 H 2 O 


(i) 


jCLiaill jlc. Cc-U^al) CIsIjj^jjS £-a Lai 


(NH4)2S04 ( aq) + NaOH(aq) _> Na2S04 ( aq) + NH3( g) + 2H20 (1) 


y. w / y. u 


\ A 





























_■ <£■ jjda Aliujj ; bulj 

^ A -^1^11 C d \ I'S ^ ' ] --^ j J-IlA (_]j) I'N-a ^ i; ill I^J J) I'V.a ^al.'d'Uj.llj ^ ^ 

L_Sjij 5? L-ailJ t ( L_! 4_Jjjj^l Jx-laj £cjU ) a-LiJ <daall Aj-aj^j L-Jjd j i ( I <Jjd^l Jc-Uj ^jU 

( _a. (Jc-lij ^dlj ) <daall .IpjJ 

,<tL-all ^g-3 L_)jj-J 5/ djl_jj£. <_il& C- 4 m-aldll 4_c- j,a>.all djl_jjjjl£ t_ n >mjj (Y 

JpL^ll (_j-« 12& _ Na 1+ - K 1+ djUjjjlS ^ja JS aLall l§jljj£ L_sjdi ^jlll djljjjjl£JI 

A iliWill <jui-aLiJI Ac- j.a-v.all Sr _+ - Br^ + - Cci _+ djljjjjlS -aliVi (jS 

JJ dll'i 1 jail (Jjl^-a ^glc. ajl^a] jdj H 2 S U^Jd'\^ " jlc. (_j-a (j^aiidil (V 

-)4 ill'lll <lil.».<all 1 *ju JJ (_j^aU-a^)]l (_j-a JjjujI <■ .Lml^ 

(CH 3 COO) 2 Pb (aq) + H 2 S (g) -^PbS (s) + 2CH 3 COOH (aq) 

AljuiSjjdlA ) J -la-31 <tda JjJLi-a ^g-ic. i>jlj^] ^i-l C0 2 -ll-ujfil ^Ui JjLc. (j-a (j.-»lVl 11 

-|4 ill‘ill <1.3l*-ail lad) j>«l\51l djlj_jjj£i (_j-a (jdsjjl L-UjiI^) (j_j£uiS ( ^jJjua115L1I 


C0 2 (g) + Ca(OH) 2(aq) 


Short 

time 


> CaC0 3(s) + H 2 0 


(i) 


^ajj mljjill djL-aj^^Lll (Jj_La-a ^g-S aj\j^ a) ^aJ_J SO-t dj lJ^jjSII Ai_juiS! ii jl_E. (j_-a jj-olVi 11 

4_dl*-ail 1 »/i III ^ajj^ll dll 1 i^)i£ (_y a _j >.rv»al t-1 qj ^‘1 i3 Jj^j-a tiLiu^iS <da-aa~all 

--<21111 


K 2 Cr 2 0 7 ( aq) + 3S0 2 (g) + H 2 S04( aq) -^ K 2 S04( aq) + Cr 2 (S04) 3 ( aq) + H 2 0 (1 ) 

<j-a Jj W a ^Ij&LuiL i a S-vaM tila\ Jj Wa j_i£jj (j±Jiul 4_a j^Ul dtljlaait ( i 

4 = 


I^j A^kl^ui 
Aiuj£jj4jA = (jiUlljflll 





(jjjAdill JJj 1 a t's.'i, „ a ±ca£jj±i& 

( 25ml ) 1 _S-i^-al! til a-\ (_j-a ^jJst-a ^ 

.Ax^sIa 

(_j-a (jLj^jiaS t_a tiLnj^jJ^l! ^ jj-*.A~\ ^gJ) (■ ( X 

_ j*a^.i J_jli-all (j_^ ^ u^~»]3 j_jjixid ^dc. 

' .*1 1 *2 j. —-lA d-a J^dfc-alLj 4^1 *2i 5Laj ^Y - 

_ ^»jl*-a 

^JjdlLl 1 x .Y j j—lA ^jA ^gjujLi^ll t,— flLdaj ^ £ 

^g.~i~s i_lid-all til iij^ldSl JjJLa^a ^^gjj ^ A, l-iSi A J-»q ^ 

A -Lad (_5-lj l^)j x'xia ^gjlj-^^S/l C5~^! cJ2^_ll J J*’ 1 ) 

J^ldlll 

-all ^ ^3-j—j)-.^ill ''i 1 --iY ^ ^gjoiLill 2^1^-all ^ 2 v'N 

-; LaS (Jc-lalill 4l^U-a t.- '151 (1 

H 2 S 04 ( aq ) + 2NaOH( aq ) -► Na 2 S 04 ( aq ) + 2H 2 0 ( 1 ) 

-; jjg -^xtll (_pa-asJl JySjj t- ll joi^J A_il\illl A n>iLj^)ll <351*11 ^l-ldlL-jl (jS-aj 

M a x y a M b "x y b 


Jj^ ^ « ) tiLljjAll 

(j* 

jdlC 1 


_j_jdui2>JI J^l*j ^^3 till^ 


n a 


n b 


Y* W/Y. U 


^ 5 




























. j4 / ij jlflll jj£ JJ M b 

) ojjl-*-a]l ^^—3 ^.’'iVi, >ua\l (J ^ %% 

( jlLila 

Jx-liill A_l.il*-a ^^-3 CllVj-A Alt 


v b 


n b 


H 2 SO 4 ( aq ) + 2NaOH ( aq ) 

M a x y a 

n a 

0.2 x 15 


jj] / <_Jja . lk 1 ^' Jy^jJ M a 

^ ojjl_*-a]l ^^—3 

. ( jjULa Va 

J_&laj]! 4_I.ll*-a ^g.3 j>» a~v\l Cll'^j-a ,3.1c. 


-+ Na 2 S0 4 (aq) + 2H 2 0 (J) 

lu.tiSjjJuA 

M b x y b 


n b 

M b x 25 


n a 


j4 / J>» 0.24 = 


0.2 x 15 x 2 


= M b jjSjj /. 


25 x 1 

jIliL ^-vvlt x jj£jl!l = ‘ij. . 1 ^j jJjA CjVj -4 aac. 

Jj^» 10' 3 x 6 = 0.025 x 0.24 = a^jjAja aac- 

lxO + lxH + lxNa = NaOH 4 AJj^l *iali 

40 gm =1x16+1x1 + 1x23 = 

AJoill X ^jjAjj-all JLuaSjjA jA CjVjj» AAC- = jMjll a 25 AjIAaII ^jjA^uall JauiSjjJjA A_1j£ 

NaOH-iij^l 

240 x 10' 3 gm = 40 x 10' 3 x 6 = j441« 25 <j* 4J+41 fjjA^aJl a^jjAoA 4HS 


Na 3 PO 


4(aq) 


3AgN0 3 ( aq) 


.PO^ 
Ag 3 P0 4(s) H 


dilijo) 

3 NaN0 3 (aq) 


3xO + lxN+lxAg = AgN0 3 4 aJjaII A1&1I 
170 gm = 3xl6+lxl4+lx 108 = 

4xO + lxP + 3xAg = Ag 3 P0 4 4 aJjaII Al&]| 

419 gm = 4xl6+lx31+3x 108 = 

j£ <ji ^nloii AJjIaII AiLLuill A jil jaj^l AJaIxaII <ja 


Ag 3 P0 4 1 

419 x 1 g 
2.25 g 


tMi 


g 2.73866 = 


AgN0 3 3 

g 170 x 3 

g (J- 

2.25 x 170 x 3 
419 


LH 


-:cr^ ^ II o-laalt OJri' ^ ^£+1 0 

.1 jjjjj£ (ja Ajjuj! l_LujIj j j5~i ;3 ( HC1 + H?S ) Ac- ja-\all <- <>m 15 + JJ (jAskil! ^La Jjla^a 

AJ-ila-ail l*jj ji^LuJ! lAlijlii]! jlaask Aj (jiJI JJ (jjjLaall 


dll HC1 . HiS0 4 ( a q) + CUS 


(s) 


MV/M 


r * 


CllS0 4 (aq) + H 2 S(g) 






















^ 0.9 = 1.595 - 2.495 = jl+lUU 
1 xCu + lx S + 4x O = C 11 SO 4 J W\ 

159.5 = 1 x63.5 + lx 32+ 4x 16 = 
f+18= 2x + 1 x 16 = 2xH + 1 xO = H 2 0 4 <4>4l a1&3I 

xH 2 0 

< 2 j* 1 ! AiiSl! gmc+48 

A jl»qH <ii£l! 0.9 gm 

159 5 x 0 9 
18 x 1,595 = 


CuS0 4 

159.5 gm 
1.595 gm 

d>« 5 = 




JjVi (V 

Jj-* 0.06 — 0.2 x 0.3 — j41Lj x jj£jiill = jjc- 

Jjlvalt 

0 06 jmI I ^jic. 

^°' 6= ~6^- = £ja = J ^^' 

Ij4 0.4 — 0.2 - 0.6 — Ajal+a) *1*1! ( ->>^ 

NaCl aq . + AgN0 3aq . - *AgCl s + NaN0 3aq . ( A 

3xO + lxN+lxAg = AgN0 3 4 hi lj*l!42&I 

170 gm = 3xl6+lxl4+lx 108 = 

1 x Cl + 1 x Na = NaCl 4 Uja1\ 

58.5 gm = 1 x 35.5 + 1 x 23 = 

JS <ji 0lliui! Ajjlall AJLLuil! AAJjIxaI! <j* 

c>4 NaCl J>* 1 

g 58.5 x 1 
g 0 - 

5.5 x 58.5 x 1 


AgN0 3 1 

170x1 g 
5.5 g 


g 1.8927 = 


170 


LH 


100 x 


‘ ^ j jlA a !•;< 

.. 7~— A ] 1* 1! ^9 J) Ajjqlj 


% 42.06 = 100 x 


1.8927_ 
4.5 


4xO + lxS + lx Mg = MgS0 4 4 4J3S1I (5 

120 gm = 4x 16+1x32+1x24 = 

f+18= 2x + 1 xl 6 = 2xH + 1 xO = H 2 0 4 AliSlI 
MgS0 4 xH 2 0 

120 gm <4>4l <liil! gnio-lS 

37.74 % AakillM! 62.26% 


? 


y. w / y. n 


r ^ 










dj-« 11 


120 x 62.26 
18 x 37.74 


( Ly ) c-421 tll'i/j-a 21c- 


Na 2 C0 3 aq . + 2HC1 


aq. 


NaCl aq . + H 2 0,+ C0 2g p 


jiililj x Jy£j2! = 21 c. 

Jj- 0.0075 = 0.025 x 0.3 = 


j23Lj x Jy£j2l = S 2 j^.j 2 I c2jj^ 1S>" (_> aAi - tll'i/j^a lie- 


0.01 =0.025 x 0.4 = 


Na 2 C0 3 Jj* 1 

d>« <_h 


d>« 0.005 — 


1 x 0.01 


(_JS (_j! ^clilLuij 4ij!L2l 4sbL2l 41ll*-2! (_j^s 

Jcliill ^ HC1 J>* 2 

J>« 0.01 

= I_yi 4k-lala]l ilAj^J^ til ^ jm lie- 


tliLi jj jS aiL2l 

0.0025 = 0.005 — 0.0075 = 44/21 1 HjUjjjS lie. 


Fe 3 0 


3V^4s 


8HC1 


aq. 


FeCl 


2 aq. 


+ 2FeCl 3aq . + 4H 2 0, pi 


fLaj II JUJLaJl JLtjjlS Jj Wo j HI JUAaJl Ajjj1£ Jj 1\4 <j_a hj Iv £U_L 422 jla 1] buu 

dblaxA fc_u«a. Cy* bjk JJ 

-:JjVl 

lc.l_k*al2 jg 1' ■a'* (j-a o2_ij]l £-a (Jx-lili (JjVl ^ 221 lilaJ! alljj 4iLlaj lie. 

JjJLs^a HI l_lla2l IjjjK Jj-is^a J-ljali cs -ic- ( Jj 'i'v -a J-2c- ) jl-C- 

Jj\-y,a £-a Jc-lili 4jjl£2 4iLlal lie- 4_iLaC- ) JJ lll^Ji! lljjl^ 

.42121 4Jll*-a2 l*JJ II 1 j 1=21 lUi2jj.llA j-a J<<T\ A (J^mt fc_luilj 4j_y2a II 1)1^2 

FeS 04 ( aq ) + 2NaOH(aq) - > Na 2 S 04 (aq) + Fe(OH) 2 ( s ) 

(J-alc- ) J>2 j2! 4_laA2»-2l ^jJjoAj_j2! c" 2 W’ujj Jjl\a 4iLalal lie. 

4_ilaC. ) HI 1 ),k11 IjjjIS Jjl~v.a II llliJI llj_j]£ Jjia^a J-a*-l3 <^221 ( 

4_ijSLa lj-2kj2l HI AlliJI ll j )_j]^ (Jjlsi-a £-a Jc-li2 4jjl2]l Jjla-a 4iLalaj lie- . (e.lo2i 

.42121 412-*-a2 Ixjj HI 1)1221 1 lu2jj1iA j-a ja\a cxuilj 

FeCl 3 (aq) + 3NaOH ( aq) -*- 3NaCl(aq) + Fe(OH) 3 ( S ) 


Y* W/Y. U 


r r 


« 












AaiUi) tlljUxll = ji > ji < Y 

Y A <ii_ju4j 1_5-^ ^ = CO-5 JU^uiSI ^Lli J)L-C- j-A £ £ 4.1».->.m.J ~v\l (^ 

.co jji j[t j* j*. 

j-A A ^_3 o.3j_2>.ja]I Clll^jU! .3.1c- < (jj_J^)^jl (_j-a A ^^.3 CllljiJ! .11c- ( Y 

-;4jilja A CjVAbua AjU£ ,j jAj 4a]U]| i_ijlaalt Ajiljaj^l' <Utkdj £l1a 11 ^uil ^uxLujI^ Y 

.Fe 2 (S 2 03 ) 3 III A^' ^^al >£w 0 
.Ca(HC0 3 ) 2 f ^iju*s C 

. AlBr 3 f j^jj^.jJVI A^j jj (Y“ 


yav / Y.n 


rr 


r 

cj_ji 
% % 

u 1 >vi 

♦♦ 

A 

V 


J 


f Y. W / Y.U 


Y i 







(jL Iaa Sjbc. Jil AjIaV' Lf^ * 

cs-^ <_sj4^y j^' <j 4 _£j ,j4 / 0.5 °Jy ^jj HC 1 Auj^jj-^' lk 1 ^ cs^ lsj^ l>^ 0 

u>^ (pH) cs-^?- jjAA A lA ‘AuS u !-3 .>4 / d>* 0.5 ° Jh £jj H 3 PO 4 ^41 


.Clll jj5j4l (JjLuill A-jjLmla (jjii.il 51' J 

( H + j5JjJ! j-a ^)j5i A l/a5 (^g-lc- (_gjlia-j cdjjjjLujjill (_psu^ jV (_$' (^14 ' (JjA 5L1' .L_) 

,4-jjlLall 

_ jjUill ^» 1 j jjc- tdjjjLujjill jV (^gi .- 2 ^ 

_ jjUll ^12 liLjjKjj^Jl (j >» /> -*> jV JSi JjSM (Jjo 151' 

Jc-liil] jl jAH <lliw .Aic. tj — j-«J) (^ 4jILal' j^JI 3-ia >>>11 J< ■*" p 

N 2( g) + 3H 2(g ) 2NH3 (g ), ZH = -92 K.j. 


P (atm) 


Substance A 


r- 


Substance B 


Substance C 


Time 


S^)-j3 AjUj ^ Wt^ll ^-Ic. 4 h\\W lillj Ale. lajLoj ^aUajll ^ A 3^ql Aic. 

L_ijJU ^111 ^_x-aVI jl jl'N V t Lc ( ^ Wi^ll ^Ic. ^ 2 ^ U^! c *' nW c U 

^3 txjj Al 


a = h 2 
a = nh 3 


b = nh 3 c = n 2 .<-> a = h 2 b = n 2 c = nh 3 .1 
b = n 2 c = h 2 .j a = nh 3 b = h 2 c = n 2 .-> 

Ujla jjLuil' plaal' aULlI Jas^uili l -6 (jjLuili (J'jjjuil' ^9 ( £ 

Lijjia^' jlc- !■_ ^u] _L_1 J 

_Jai_bJa]l ejLjj _ jia-a a-Lij 

j2j l~v.al' pH ^ <a;9 i jill (jlljl_uLLa jjlj \~ s . a \ jjJjLmlla jj^jv}-»!•% Aic- 

. K)A11 pH jj£ia ‘ lxa g]-al-s (Jj 9 pH=6J^Vl J jA xa ll j pH=2 

.2 j a 4_uj9 ,t_j J 

. 4 c> .j . 8 tjj^ .-=?• 


[ jjljfl f °25 ^ K sp = 3.9 x 10' 11 CaF 2 ?. J^U jl£ lil 


0 


. 6.8 X 10 
. 4.3 x 10‘ 


-4 


j* f 25 CaF 2 4 ^um a I I J jA -a l i ^ F ] 

. 3.4 x 10’ 4 J 
. 2.1 x 10' 4 .-^ 
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j-ib jljJVI 4-Jla. ^ \c. l\°i\ ~v) j _uuS2l (J_C.lilil! (J 1 ' 1 »a aS\ _)J>] J jj»MI 


( V 


.ClAlc-l Via!' ^Ja^ui A^.Luia (Jjlii .4-1 .(Jc-lilll J 

.Clinic.lilil JySjj Jjlsj .J .Jc-lilll laiA Jjliak (JaIc. AiLkial _i. 


^LuuS (jl jj! aJIa. ^ ^»Uaj (■ La-« Li! (A 

, ls xAx]\ JtliiJI <-_a3jj .c_i (Jc-lilSb ^jI( jj£2i ^ J 

.ClAlclijAlIj jj]l CjIJjjSjj dmj .J .ClAlc-lilallj ClilJ jj£jj (_£jLajj _a. 

_• ^JLil! ^1 iaill ^Jl ^.IxJa]! ^1 a AiLkial Aic- ( ^ 

^8^1 ( s ) ~ Ag (aq) + Cl ( a q ) 

AjJaail (jjji JjjSjj (jli 

.<J£j .c_i .jljjj J 

. JJ*JJ V .<■ 'l&l k>»'ij 

(j-a j'ijWa 100 £-* * a loLali JaJjjuj (_ja ^jui 2 cjc-lij ! g ia (JfL A i-n! j ^jajjS \ tdj.2 (A * 

^)jjj! I^j (jAjjSk]! (_51 . (jA [£, (JS (_5^c. ajjAaII Jajjjal! Cli2kj kiLj jl£II (j>»A~\ JjAa 

(Jc-liliil J^a-4 



Beaker A 


Beaker B 


Beaker C 


Beaker D 


. A o-tai j 
. C l>^I .-- 


.Bo“^ 

. D .J 

A_ 2 kjj .lie. ^j aaaII ^^jLa]! a IjU ^ ^_a Pbcii II (jA k.o jjl ^1 a] A-LIajL]! (A 

<_£ jLuii Ailii ojl^a. 

.(j^aLkAa^)]! CllUjJjlS JjjSjj i '<» k>i _t_j .(j^aLk^a ^)j! CllUjJjlS JjjSjj <■ ‘Ik.Vi 1 

diljjjji JySjj (. q» k>i .j .aijjKJ! ciiljjjjl Jy^jj <■ ‘ik.-Vi ,_^. 

- : ^U1! JcU3ll J (U 

?4 (s) + 6Cl2(g) " 4PCl3(g) 

dulii _jA Ia . AjJ)1a]I AjjLiajSJ! Aj^lstAilj ^jkia_jA jA IaS jlc- £a (JcliL 

?(>USll K d 


(P 4 PC13) 

(P 6 C12) 


(P 4 PC13) 


(P PC13 • Pci2) 


( PpC13 ) 

(PC12) 6 


P 4 pC13 

P 6 C12 
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(Jx-lilll ^Ja_uj 4^l_m<a j (Jc-lilill J.lje-a 4j35Ltll ^ ‘*a JJ (_£.iJI ^gjl—u]l ^_jui^)]I ( \ V 

jA C^lilaii 



> 

*0 


V 

*0 

< 

> 

*0 

Vo 

---* 

3 

•% 

<"> 

3 

vO > 

•3 


JcliUl ghui 4aIum 


Jcltdll jiuu 4 aL*« 


JcliHl ^kwi 4 aU*» 


JcliUt ghm 4 aL*« 


_4_lut-a 4_2kj.S Aic- c-Lall ^3 ^5La^M 4 gl'i-v-a ^Ijjl Ablljj (JjHiJI (4 £ 

60° C ^' ir - pLail A^jljji l^Jsi jm ) ^5LaSH (_£l 


f 60 ajp 

^Ul 

.O® ^Ij^. 50 / ^ 10 

W 

.pU 60 / ^ 20 

X 

.A j*. 120 / 30 

Y 

.A 80 / 40 

Z 


. Y ^14' .4J . W ^Ull j 

. Z ^14' .j . X ^14' .-* 

(Jx-liill (jji^C- (j ^.a t i_i_lS .-Lajj-LJI j_ll*j A 1 C- ^g. m5»\' J^liill! 4, i\l~i\l <J.Ill*-a]l ( Y 

(£j>» »bfll > ?<_£.> jUl 


CuS0 4 .5H 2 0 


CuSQ 4 + 5H 2 0 


oA^b 

^Lall Aituab 


cA. 

ijA 

j 

CAA 

cA. 

# L_J 

ijA 

cA^ 

,-=v 

CA.^ 

cA J 

.j 


_• 4 i\l~i\l 4 Jj\jua 1] Lull a-La]l 4ibialj i_<)» (_paAaJ ^gjLa Jjl'v.a (_ <1 iq~Vi ^jSLaJ ( ) 1 

HA + H 2 0 --- H 3 0 1+ + A 1 

pH ^4^ (Jallj K c U ] yi ] dulii 4-ai3 jbjjll J 
pH .ibjjjj K c i^liiLi <Laj3 Jail .l_) 

. Jj^-aW pH 4-aJ3 .ibjjjj X c CHajVj 4-ai3 .ibjjj 

, J^ia^ail pH 4-^ Jiij K c j'j^ 1 A-a^S L& .-^ 

4_Jlli]l (JJl^-a]! (jjlliii 4jjuij jj£l (_yA La ( Y V 


(K b = 1.8 x 10’ 5 ) 
( K a = 4.5 x 10‘ 4 ) 
(K a = 1.7 x 10‘ 4 ) 
( K b = 4.4 x 10’ 4 ) 


NH 4 OH Jji^O.lOM 
HN0 2 Jji~ 0.25 M 
HCOOH Jjk-a l.OOM 
CH 3 NH 2 J2.00 M 
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-; JLill dc-LLH Kp La 


N 2g + 20 2g — 

- N 2 o 4 g 



>11211 

K P 

1/2 N 2 0 4 g — 

N0 2g 

X 

1/2 N 2g + 0 2g — 

N0 2g 

Y 


y 2 / x 2 .m 
xy 2 


.y/x 2 .1 

2 / 2 

x / y .-?■ 


A£. jHa Alkd ; Lula 

— / dj-a O.l^JJ^JJ^ ^ — J-^ / d J-* 0.1 ^ (j>» dj l^-a tiLp 3 ^ ) 

(_yjjy£ ) Ajlall CjtjjV) ^J- 4 LaJ 1 L*a < .ia .ja] / d>^ 0.1 c-La]! J j^uJI dj'^-a 

— (_5j 3 (jjidalii-a — 4j JlaJj J u^>xa l^j o JI.S — ^Jajjias (Jjjj.S — 4j_aLa — 4 J -^J; 

4a*J-> cr^ 1 « J^Vil l jjjLj jauaa 4 _jj»j C>*^' •( cA 1 -^L>d' dJJ' d^ 

.jj^iSlI £a .AjLLall Aa^lall Jail *\ all 
_. 4a]lai) SjUxU = ji > ji < <La^lc> £aa (T 

dj'^-a' pH 4-aiS. dj'^-a' pH 4-aaS 

.; Jj Laa J£ Jfr Ailill 4j AjjUuall <_u£: (T 

R = _ ( P NH3)~ _ 

P (PN 2 ) • (PHI)' ( 

^ _ [ CH 3 COO ] [ H 3 o + ] , v 


4j*a_«a 


4 HCU + O, 


K a = 


K b = 


[ CH 3 COOH ] 

[ NH 4 + ]. [ OH ] 

[ NH 3 ] 

K S p = [ Pb 2+ ]. [ Br 1 - ] (t 


(j^i a*\ (j— 4 Jj—« 1 LaAaa-uia ill&Luil j JLii aaLj j_£ii | i 

. Jl / ll* 4 C aj^J J j51 V HA ^ J&' 

-: Jtall od^' J ( e 

2 H 2 0 (g) + 2Cl 2 ( g) , AH = -113 K.J. at 400 °C 

-: J jJ^ll ^«iaa tju 

.500 °C JI Jftlisll cubj! j 

Jjl'V.all (jl-VtAVI (_ja 4aa£ CllSLLJa! .i_J 

4 f.lij Jj Jaji-a d^ . -?■ 


YA 



(jm ojiail Jelfcll J 0 

2 S0 2 ( g) + 

02(g) — - 2 S0 3(g ) i K c — 35.5 

d^_j-a .lie. (jldj 2 ^g.3 jljjVI 4_idj Jx-lilll Jajl'V.a Ja&isJ ojljdl dIjJJ Ale- 

^j.3 oA^^.jdl (jj-v d^^j-a .11c. C- Um-v' _<JjLuiLa dj^>j£Jl -IluiS! dl]l!i j dj^)A]l ,lu«£i ^Ij 

?JajldaJI 

-;u^^l K c j K p (V 

C( S ) + H 2 0( V ) - CO(g)+H 2 ( g) 

NH 3(1) — NH 3(g) 

_. rfd Id I Ajjlxdb lgJ& jjxj (jljjl Aid Adaill JjjjIS ^la <^a £_ddl JjWaH (A 

AgCl( s ) ~ Ag ( a q) + Cl ( a q) 

? 2j\~va\l !a& HC1 II dijjiS Jjlc- die- i" i.Wi liLa 


uUll cjLUl 

-: (jL Iaa sjLc jil ^-uaV) ajLa^M ®t * 3 ■ 


L_J 

(* 


r 
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( Y 

.A 

l 0 

# C-J 

( A 
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( n 

. i 

(° 

. 1 

(^ 

.A 

O' 


0* 
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(' 

.A 

O’ 1 

j 

0° 
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0* 

j 

(^ 


. i 

(W 


_; A£.jILa Aiiuil ; UjUi 

Jj \~\.a — ^)_1J / Jj_-a 0.1 *J ll'N (_pa--a^ Jj \~v.a ) Ja_a3 A_iJUll tlllj^S/l ^alAaJi ml ^a_J 

— A_i^.la. j (_yjj— jAi] / Jj-* 0.1 e Jail (j- 3 J j \-> <a — jAi] / Jj-a 0.1 ‘JjJJ^JjA-JA 

•( 4jjJ=4j ^-\ u^la l^_j A-ij^}^ ojjIa — A^aLa 


□ 


;* U 



jluJ! J>*a CH 3 COOH c>^ HC1 

^jJayA jJfc LaS 4_uj££]I o^JaJ! JiA^ajj ^ALi .jAil / J^$-a 0.1 ‘J-Jjji^jjA_i& (jAa -a**. Jj) W a ^ i 

Aj-^.j (jV iJjjjiSjjAj^Jl (jAa^a. i_aiaVn ^1 u.-»,a\l oe-LAa) oAai jjlAij ^ Aji JSjuJLj 

. ( (jjU! ^lAi / lSjP CjJ jjiiSJ] ) LalAi UjIj <-_slaJI (jj^jj^JI ajjjK jlc. (jjllj s-U! 

J^ >m\\j jjJaja jJb l-afi 4 ;.jJ^ ojjIaJI J) ..ajj ^j_i # j_ll / J^j-a 0.1 J jW (j«AI a*\ JjW a ^ c_j 

ljL2. 'AjA ->.a (jjSLl vJLiaJI (jAsuia. (jjlAi opL-ka'^l oAjoi AlAjj 1 _HiaVllI oAL)J>j Aji 

) jjAa-oaJ! (j-a A_ajlALa j_jc. iAl)l_l)J>^ Aj_^j ^Jc- A_1^A 1 _aiaVi\l_j JLiiiJI (jAa-Ai. (jjlAi aIaJjjj 

^ (jjUl jjc. / <- aj» .Aa AIsJjjjSJ 

J*S .Jb ?r .Aija jJfc La£ A_jj^)^£l]I ajjlJI Jj.^ajj ^jj .jal / J^a Q.l ^Lall jSLuJt Jj)W a ^ 

j—lC- oAI a >«\ I t a iqVi\| oAI )J)J Jjl-ll ^ j A )IaJ! A_La ^ .>>) V ^ll_a-arJ! (j! }-» "v^lj 

Aj1Jjjj£JI 


_• 4aiUi) SjLaiJ = j) > ji < 4»a^C. £m 3 (t 

_^jjAja-a]l AllljjJjS JjLa-a] pH > ^jjjj^VI AjjjIS Jj\~v.a\ pH 
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gyL L aa J£ AJlAll AjjLiaj^I AJaUu*]! l_u£1 (V 


N 2 g + 3H2 g 

CH 3 COOH (aq) + H 2 0 (1) 

NH 3(g) + H 2 0 (d = 


2NH 


3g 


c 


K a = 


Pb 


+2 


(aq.) 


+ 2Br 


-1 


(aq.) 


CH 3 COO (aq) +H 3 0 + (aq) (t 
NH 4 + (aq) + OH' (aq) (T 

— PbBr 2 (S ) ( t 

CjjXI cjLul ( 1 


HA 4 4'i» usi (_£AlaJ b)»1 ^Aa-a^ LIiA] (jl 

4jAl*-ail l*jj 4 j11iJ)5v (_j-a 22c- c*Ks‘ij a-Lail ^ 4hlA] Ale 

H + + A . —— HA 


[ H + ]. [ A' ] 
[HA] 


jli (jJjiLai! ^Llalll Ia& ^gic- 4 Vfcil (_Jx3 (jjjlS 


JJC (jAa-aab! ClUj4^jli]l CiUjjV' <_>« lS^ All! jj£jj [ HA ] , [ A ] , [ H + ] l£-«J t — 

jjAa-a-vll tiKflJ j! (jjb Clulj K a . 4JL^- Ale. 4 juHaI! 

A ic. _ J j \~v.a\' jJi] \f ^g .3 l_ 1 _)A! AJi HA 1 _ <)» >A-»\I (jAa-a^J! (j-a Jj-^s X (j 

-; LaS x tilSilll 4 j^.jA (jj^j jljjVI 

4 ££ilaJl A AC- „ 

-—=— ; - -= X tSliiliit AajA 

ji£ilSl JJj <Ul£il (AAVj^I aac 

I X - oc } = HA (j- 4 4_SSala]l JX. dlVj-Ail AAc (jj^J Jj- 4 X 4 ££alLa3l AAc tlul£ Ia] 

. Jj- 4 X = 4^jli]l H + , A" Cy* c£ tllVj-a AA& j J^a 

CjVj -^1 aac 




= C a 


-; jiil (JjaHj jljjVI Ale AljbSI <jj^J 

H + + A . - HA 


(1-x) 


X 

~v~ 


X 

V 


K a = 


OC OC 

~v~ V 


(l-°c) 


_• jjlj 4 Jxii (jjjlii 4jAla-a ^3 (jAaJ_j*Allj 
2 


OC 


V(l-oc) 


t* 
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_liqVllI oc (jjliill (jJJ 4J3l*-!il (jjjj _jAj i_HiqVlW ^Jlalujl (jjjli 4131*3 ol& i—i^jaj 


jli 4 i\c. j 1 g \\ .aftj (jS»aj 4 ^».j.aJ a j i» lsi (jj^j OC (jjljit (jli <L«j_ia]! ClilliSj^)j£]Vl 4jl_2k ^ 

^ (_5jLul) ( 1 - OC ) 4,ais\l 


K a = 


oc 




V _ 


= (^ a i_11*>>»\l (jia-aaJ! JySjj (j! Cl±i2k j 

; ^gJL LaSi AIjLuJI 4j.il*-a3 4_jl!i£ (3^*4 II) 


C a xK a = X 2 


1-^, ,'Q 

jj t_Li.S (° 

i-^. i'Q 

ll t_±i.S (1 

|3. i'Q 

jj t_ia.S (V 

|3. i'Q 

jj L_lij (A 
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Ag *(aq) + e~ —» Ag(s) £” = 0.80 V 
Cu 2 *(aq) + 2e~ —» Cu(j) £” = 0.34 V 



-'cell 


U .4 Sjbc Jsi ® 

Jj&ji ji&i ^ p 

_liiii A _u^£JI A _*il.2l oj_ail A _<u3 

. 


0.34 V +2x0.8 V 
.34 V-2x0.8 V 


0.8 V-0.34 V 
0.34 V - 0.8 V 


(jfr Aajliil liiii £-a AiaiaJI AllaC. AlLuLli (Y 

»^jll ^lAilmlj A \ x2*vj jJjjjlj-a (»LaJ .L-l . jJ-A-aalLl JuAiJI (_j-a (■_ II1./1I e-i/Lla J 

(_j<a ojjjaiLaJ ^jjti.11C.L21 (_j<a (Ju.*-? jli .—2>. 

.^^uiS^jjVI (_j-a AlJal A 1 j> «1 *v 1 Allaij .2 

£c-»_u IjLli cs-^aau AljllaJ JlULail J£juJI (T 

.jlllil ^ Cllc-lia 



Which of the following best shows that the investigation results in a chemical change? 

A Liquid condenses on a cold glass rod when gas from the test tube on the left is 
released. 

B A gas probe indicates that the water in the beaker contains dissolved nitrogen and 
oxygen. 

C A burning wood splint placed above the mouth of the test tube on the right glows 
brighter when some gas is released from the test tube. 

D The temperature of the wire connected to the battery increases. 


> A-vju ^Lj-ojS jo* j ^jC- jLuu jjxj AiiHll dil jLxJl j) 

il JlC-U-iaJ Ait o2jlj 4 J>1 -\j JLuj ^Jc. JjLuJ <-_a!il£j J 

L_)ljua (_jjil£ilj 2 ^ 2 kj-ail $.Lail (jl ^^ic- Jij Jlc- .S- 1 

I AJt, jk .lie- A.\xi'\ SIia A inliii Alla*! Juc. __a. 

.Aljjj^l 

.2l2jj AijUaJlj tilLuJI ojl^ja. _ J 

. Volt . 4j§jJl Alii. ^ j’4 l Jl Jii.V' (£ 

.0.4 .a .0 . .-0.83 . v .0.83 J 

A ‘i3-a\ A A_il\llll dlljLlail (_f \ 

/ _ll I Jiic. Jljlilj oAjuj£I 1 — sLk^ajS i—i-lali AiJ^Sil Aliill J 

.CjUjjj£] 1 Jlsuil Aij^^giiil Li2liil JS ^ l_> 

_4_ijti]j2UI 4jjLiaj£]I Ciiic.liuil ^>^£ jLii ^Jl AijlaLJI biiliil JS _a. 

.Jjjl£]l Aic- Jljli'^l . a 

-; t5 JUI Jc-liuil l^-iS ^jlll AijlaiaJI 4 Jill ^ 


Cu 


2+ 


(aq.) 


+ Cd, 


(s) 


, 2 + 


>• CU( S ) + Cd ( a q) 

Ijliill CjUjjIj CliljjJiSlVI JS a£^)^. oLaJil <■ ’l^'i <JU]| 


iljbi*JI 

c_JaS ^Jl OUjj^WIj i(»jXa2l£Jl Alii. <■ ’l^'i Cllljlliil CllUjjS J 

(4jjaJI£]I c_ila3 ClUjjj£iV'j (_2-aJil Alii <■ Clljliiil ClUjjl c_i 

-( jjjLa>jil c_Ja3 ^Jl ClUjjj£i^lj i^jXa^lSil Alii. <■ ^Jl dll jlliil ClUjjS _2^ 

(jjjlaail c_Ja3 CllLij Ji£]VI j (jjolaJiit Alii c A^i'i Cllljlnil CllLijjl _ 2 
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2 Au 


+ 3 Zn, 


Jtli2l Ig_i3 Avw 4. Ill-La. <2a. (V 

—► 2 Au( S ) + 3 Zn“ + (aq) 

Ig 1C. J1XJ <2l Lou A -A j-aj 


2Au I 2Au 
3Zn I 3Zn 2 ' 


3Zn 2+ 13 Zn 


2Au 3+ I 2Au II 3Zn I 3Zn 2+ 


2Au 3+ I 2Au A 3Zn I 2Au + II 3Au I 2Zn 2+ 

(j j£L} 3 (jiila2li <li jlLoi j <iil_ia ^11 4_LalLal]l ^3 ^(A 


Li 1+ t> Ji Cu 2+ I Cu 2 ++2I .M a- J2i Li 1+ I Li -2 ^-22' c^JI 


I Li 

.(jul ~v ill (J5I ^jililLijA ^yyy. 


Cu 2+ I Cu 


A Cu I t> J5! Li 1+ I Li 2 ^Ull ^21 


Hg 2+ (a q) 


-0.61 V 


+1.11 V 


<2121 Ai!llc.li2l i—sL-ail Ciik&S (A 

Ni 2+ (a ,) + 2e‘ -► Ni (s) E 0 = -0.25 V 

Hg” + (aq) + 2e -► Hg (l) E„ = +0.86 V 

-; t _gJl2l <Jc.li2l lg_i9 AiAlaJI 4 il-yll E ee u Li^^iHl <*Jil2l Sj2l L-u«yl 

Hg 2 + (aq> + Ni(s) -* Ni+aq) + Hg (l) 

-0.61V A +1.11 V .-+ +0.61 V >+ -1.11 V ' 

A^)5 All 4 lull iqll 4 il-yll l A-a'i ( 1 « 

.IgJI jl IgAa AllijjiSJ'^l (jU^m .Aaji ^ Cilia. <a.j2La SjjIa ^}iixj .1 

.Jaa3 oAidl 4 il-ac. <l9 j^oinll L_lla2l ^Ja+u ^glc. 2,lAy 1 L-2 

_Jaa3 Jljjial 4 iLc. <i3 j_jhA-o]I L-2a21 ^Ja+i ^glc. L " lAa.j _a 

.LojIa jA-o <] 'ball (JljjiaVI Ag > LolS _ J 

4_iic. <__Sjji2l ^^3 AIac-LuiIi <2121 (j^Jall ,j-a lAalj (jj^pSJI Alii -L+dill ,Jj g -y,a J>]3 2l2 


.A+dllJ LaAic. jl2l ojl^a. jlil ,_£Aa (jlai _l_j jl j'ill oA_Co (juj aij 4 _ijj^£ 4 jl-y 2_ii J 

-cs j!112I A 1 A 2 JI (jjjl ^gJI ^jjliill AiAaJI (jjjl oAidl ^glc. J)i2l ojA3 (_£An __a 

'^2 jail21 (jia.II i._ i}-»4 IgjUasI Aal J>2I 1 a& (jjSLi Lii^jgjS <2a a-lii .A 

_i ajLa-21 d 'jjKjj A-l^ II (jla-ay 4.1ml A 4. id IgA Jd ^+Ca j y 1 u i I jLiiai 4-ujljl (1 Y 

-; A Jaaqd!i3 _ <iml-A 0 jliil Cll£ jl j ( ll'iy <1 J>]2 Ig A ^+a j Ld 

_4j^iiVI ^la+ii f~LiJ Aj» j I Aj^JjuVI 

,LijiiVI ^lam LS ^c-'^ <c-J+UJ (dilia A; u 4 jj2V! 

,4j^iiVI ^3a+2 Aj».+^> ^Ac- ; mi. Aj^jiiVI 

4ii!H2l L_iijljS/l Clil jiill (jc- ji*J <2121 AiljLiia.VI (_5l 


_aa <ij2Vl 

v <jj2VI 



.AiAa. 

. 0 +^ j2+ 


.1 

.(jilaJ 

_ AlAa. 

• ^a j Ui)‘lC.lmC 

. V 

.(jilaJ 


.u+^ j2+ 

• 

.AiAa. 

j) Un'lC-lmC 

.o+ ia j2+ 

. J 








_jA 4 (Jc-lili 4-jjl i.ai^ 4_iLaC _jA 4j4iJI Ijli-a (4 V 

Jjiii-j $.L 4 I j Fe“ + C5-^' Fe . 4-1 J j-iiij f.La]lj Fe 3+ <^ 2 ' Fe 

OH OH 

OH J) J jliu *121 i-ulill Qj>^<VI j Fe 2+ J' Fe 

O2 J *121 j Fe 2+ c^' Fe *4-22 

-; 42121 4 n«121 (Jljli^^l 4jg -n\ 1*jj (4 i 


Pb 2+ aa + 2e" ^ Pb s . 

E° = - 0.126 V 

Fe 2+ a q + 2e' Fe s . 

E° = - 0.409 V 

Mg 2+ aa + 2e ^ Mg s . 

E° = - 2.375 V 

Zn i+ aq + 2e‘ ^ Zn s . 

E° = - 0.762 V 


[ E° = - 1.029 V ] Mn- + u^'c^! Mn 3+ u^'J u'^ l5> 


.Jaia Zn .4-1 _Jaa3 Mg J 

. Zn ‘ Fe ‘ Pb 4 ,42a Fe‘ Pb .-^ 

^gjVt (_l c- 221 ( _ g -ic *2 j (J 11 ' ^41 6 j4 / j»1j-^. 4 lj-m^)2 4_-aj5U1 jLult 4 _ia£ (4 0 

2 e‘ + Cu + 2 (aq) C U(S ) t^'Ji. L 5 J^ 

4 .4 2 .-?> 1 1/2 j 

4^.1 jj A-a *1_J j )££til (_j-«s 4_La£ _jl j-al jSl-£21 J^iii 4 jj 21 4 l'i511 C-lLuijjl ( 4 1 

. lA jl4La 4^212 

289500 .J 28900 .-* 96500 9650 ' 


CjUjjjS (Jj A .a Qj >.*Tjl2i1 (j^s 4_*Ja3 £_4a j 4_ic 41 t4 Vi 41)1 j^il) (j-a L-a ^ j.a-N (4 V 

.14c. Do-l^l 

4jUa ^21) .4- 1 ,(JjjL^ 2I (_^a 4 Sjlij \ 

.4)jA21 ,jj] 41 ig n .4 jlii 2j2 

JtjJA^I 4^-a. 42Li/uf21 41s5lc1i21 *121 41)Ujjli!21 443 ^jlc oj43 42121 41ilJ)iaJI Jai ( 4 A 

^ (jXuijiLlI 2 21 

. ^ (- 0.762 ) Oi—jlill 44 .4^X0.851)^' J 

. 4i2ja (- 0.126 ) j A .22ja ( 0.34 ) <j4^' .-?. 

-; jA 42121 4jUaaVl t> J2 JljSiVI 4^ JS l4l (^ 5 

Na +1 / = ( - 2.711 V ) ‘ Ni +2 / Ni° = (- 0.23 V ) Ag +1 / Ag° =( + 0.8 V ) 

Na° 

^^A l^-La o4^!j l4c 4 ~s i\i/i 42121 41l1 jll21 ^J.a , v ^jli 
( Na ) (Jj)lA-a (J-alc (Jj4aaS L_1 Ag +1 ) 4xu£j^ J-alc (Jj4aaS J 

4j_.,.',L2l ^ _a 4_i4a4l! Jjj_uu (J_SASI _4 _ 4 >>»q\l o4j-u£I oj4iI! 4j (J^iiSl 









l"iI j 141 ( jj_j ^jLixuSJI Jx.li4l p-lilii 41)lb j jliSLW I Ais ojAi j_4il 44 i_£A-11 >41 (Y 

( (jjjuijill (jjj ^ joiLall (Jljli^VI A§_i. ) .jA 44141 

Pb(-0.126 V) ^ Cu( +0.34 V) j 


Rb (- 2.925 V ) .J Co (- 0.28 V ) .-=> 

4bl4>ll b5liJI > 4j-\l,al' ej)-»i4l (Y ^ 

AjliLSbl olaljl > 4Abjj'il51l ^-<uj4 , l_) AjbVI ob>! ^g-S 41)l_jjj'l/l jj^)_aj _ I 

boA boA 

.JaS3 4>>4I \q^jl-y-al £_)ja 4I Ja5lli.Vi (Ja*! _2a 

4Jla4 (Jj-aa 3> ^g-lc- 4 ilbll i/>i >j l~v.a (jjj jjoibubl Ja5lii.VI £Xaj J^Lsk£ , A 

. JaI*4I 

4 ill4 -nII 4 il~vll 1 Aaj V ^gJL bus > ^Y Y 

4'ii-v,,b 4-jjl4>ll 4,,jl-yll AjjLSII _l_j /oAaai^V' 4j1a& oAic. 4'i,Wi ^aII l_4o 4I jA A>^l . i 

.4jua._jAS 

-( j4 ill (_^a ^ljjlii.1 L-iXA^al (jj4) 4 iml l4l (j4 ill — 4_iii. _ 2 a 

/ 'll - -'ll e_4a4l 4 j>aU 4-jjUl-vll 4 jl VI > 41)bjj'il^ll blj^blj _ A 

.uV Lj> JaUIo >4jJ& 1VI J>-41 (Y r 

. Jjl-vxall > 4Abjb^l AAc- {_£jlmJ 41)bj4l£JI AAc- _ I 

^g 1c. 441_41 4'ilw 41 a~\a i_5jl_uii 4liil_jjAjlSlI (_g-4c. 4 _a^.^ 41 ^ilw 41 a~\a (jV ,l-i 

_ 4iib j±i^ I 

.(jjjjVI >& 44L4I 4 W4I (_5jLu 4 (jjjjlSH >& 4 jlsaja41 4 W4I _ 2 a 

^bjbVl <jc- 41)bjjjl£JI LS lc- ojAall 4j l_ 1)A4I jV . a 
(_ gi Igjjjjl) 4i^>a-a >4J 4ili L_lAA t t (jjsbb . AjAa*. ; 44141 41)l>ill 41n]aC-l Ia] ^Y £ 

^gA j 44141 (_3ji4l (_$Aa.l ^bub 44bxuS jj>ll 4L4 a4I 

.!>> <> » jjAa^a. 4ibial L_1 3g b pL41 4ibAal J 

_l_1^a41j ^>4] IgLa (JS 44jli _A J>44l ^4-a Jjnlvo <_» 1 ..g b 4fil_kAal 

.>V I 

a j g •% ).4j^)A-ab4l 41La4l (_gic. 4»i>ll ^gi a^jj (jl 44141 C4ji41 a^.1 ^Y © 

(O^jill bW 4 iml lijll (Jlj)4».^l 

Cu ( +0.34) .© Zn (- 0.76 ) .-^ Al(-1.67) .m Na (- 2.7 ) ' 

).^ 4-41,1^11 Cii5lc.li4l abiiS ciibjjjSlI Aia sjA3 44141 ciilj>14l (Jal (Y T, 

^by^j^l byj 4 iaaA is II (Jljjli.'^l 

Zn(- 0.762 V) m Cu (+0.34V ) j 

Pb( 0.126 V) .© Hg( 0.851V) .-^ 

^gAuibill 4 lAll i_b-saj ^^3 (Y V 

^g_9 41)1_jjjl ^g_II _L4I 41)1 ji) A_uiSbj _l_j _4ii*Aa ojjIa >V 41)bjjl£lVl bg_i3 I 

_Jaa9 Jjbi-41 

. J>^41 > 4l)bj4l4Il JySjj 4iJyj ^4^41 444S. (Jal _=». 
.(JjA-all > 4lbjjij ^ J>14l ) L_4a41 llll^jA ^j±) ^ ibc. 41 ).W'i _ A 


rv 










Adlila. A iW (JclajJI JlLaj 42lli]l A^Ala-a]! 


(YA 


Zn s + 2¥t 


aq. 


Zn “ aq . + H 2g 


j_jl ^Jc. J, Vu a j A_Laj 

(j a (_£j Si A uiSjj-a (J ale- j)J i^>jl_aJl _L_1 j) a (_£j 9l Jj lia-a J ale- j)J i-ajlaJl i 

.(jja.jjAj^JI Jl jia.1 Ag-a. (j* jj£! (jJ^ajlaJl Jl joa.1 A^a. —a. 

<LuiLuJI i _ ? L . j 

( ji-a^lS/l i (jjjLioll i A i.wll i J5jill ) j-a J£] A nWqll Jl jiajM A^^a. (jl du\c. Ia] (Y ^ 

. ip ‘ (-1.67 , +0.34 , - 0.4 , - 0.25 ) ++ij^' ^ 

.(jjjLsdJI Jjliaj Vj AjAaJI Jjiaj J£ii]l l_i ^ uifajj Vj f>j—>i dSjj (jjjl aill J 

AjAaJI 

. JfLAl Jjiaj j JuuSjj AjAaJI .J A ui£jj - 1 A^l ^ ui£jj fj .-a. 

(JJjl a'ill 

cA [ Zn +2 , Pb +2 , Cu +2 , Ag +1 ] t> A^l Jl.jSiVI ^u' 'J (7 • 
o-* <iJaj c5-^=«+j ls^' jiail jli. dJji (- 0.76 , - 0.13 , + 0.34 , + 0.80 ) ++£j^' 

Jla _jA Jjla.all ^ ijd. A a n j ^ja^l jiill 

. Pb(N 03) 2 cs^ Ag ,+j . ZnSOq J_?^ qs^ ■Aic-Cu .' 

. ZnSOq JcA ° jac- Aic. pb . CuCl 2 JcA 0 ^ Pb .-+ 


[ Mg +2 , Cu +2 , Al +3 , Na +1 ] u- J'Jh^VI j j*a. J 'J (7 ^ 

a jAi Jii aJ ^111 j^aj*JI jli. Ca]j$ (- 2.37 , + 0.34 , - 1.67 , - 2.71 ) +Aj^' 

jA Jc-lilill a-liiS djUj^jSlVI Aas LS lc- 

Cu Mg .-+ A1 ,+j Na ' 

j-a JSJ A nliqll Jl jlajM A^^a. (jl dulc. Ia] (VY 

+Aj^ Jc ^ [ Ag +1 , Al +3 , Pb +2 , Cu +2 , Mg +2 , Fe +2 , Zn +2 ] 

. ( + 0.799 , - 1.67 , - 0.126 , + 0.34 , - 2.4 , - 0.44 , - 0.76 ) 

Jc-lij AjS djAa-j j/ Lus (jli 

Alj llj Jj La-a ^ 9 (jj aiajLa. l_j La9 l_j dllijA JjAxa ^ L_Ja9 J 

.Adaill dlljlg Jjl-vxa (jjjLaj L_Ja9 .A dll ’Ij jA Jj-ia^a ^jJ__umc-La i.. I }-»9 ._a. 

. (jjj-a jlaJI 

^ (jj_ui_^^ (j+^ A 1 >m\ lall Jljiaj/I Aj g ^ ^ A ill'ill £-lj_jVl (j—a oA >«5j^aJI J_x»l_jaJl J_daSl V 

.^A 

Na +1 (-2.71V) +; Cu +2 (+0.34V) j 


? Y.1V/ Y.U 


rA 


Na +1 (-2.71 V) 
Fe +2 (- 2.71 V ) 


Al +3 (- 1.67 V) .-+ 









( _ 5 _k*aLk^3 j )]l 4 f-Uii! 

J)_j£jj aIaJ)_Jj (j-a 1 _ k^ajJI dljA A _ m£uj l_l Jj__iSijj <J_ajj ,_ual_k^a^jll dljA A_,m£uj 

ll _ ll 

j_£jj aIaJ)_1j j_ual_i_a^)]l dljA (Jj ,'iVi .A J)__lSjj (J_jjj (j-a\_a^a^l! dljA (Jj 'iVi 

^^ i 1 ll 

(jli ( ( _ 5 ^-aLk^a j )]l ^a£j-a]l ) ojLluJI 4-ljUaJ (ja-ui Aic 

jjijj V 4j jl 3-ijll (Jjl-y-aW PH " 0^1 A-&A& 

Pb +4 dlijjlilii A,^Ijj Pb + ' (j-aLk^a^l dlijjlilS ^j-a-N 

Pb + “ (j-aLk^a^l dlijjjlS 4jjfLa L_1 jAli 4jjUalSI ^^3 jj^ada^}!! ^iliua 
Aj Pb ^a^)JI (Jj ad £_JjiliI! 4_iLaC d-ij£li ^gCill (jada^l dld^jiS 

Pb02 J^' 

(_^a ^g^ada^l ^«£^a]l ^^3 daAVn«.a\l c _ \\ dVI ^'u-^i 


.(j-ada^jll A-^i ^Uij (^^ada^ll .A 


(jjjLadll 


oA_^lj !a_C A i~\ ^.o 4 illUll dl jl \l ^ Jx>-n (jLi ^ >^>1 ■..o jJl 4 W Jit £_i^)ij A_ic (TV 

.C5* 

aAailmdl C1 u]jjj£WI 4iliiS (Jaj _l_j Aj-iS/t (_j-a (Jd A ic. dll *■.' ‘ L 'J)"'' J 

.a j3 l£ll 

Pb + ” C5^] Pb0 2 Jjdu .- 1 4 jIJjjj£]) .-=>■ 

( 4_jjLj j )§^JI 4_ia«_uJI ^—J^jili ) cs_^faj_-all ^^—3 4 j-njldll oji!A_JI Jg Ic. A ic. (VA 


.A^iVl Aic (jada^l An AI ^gjllij AjjISJ! Aic JJjj^aU-sa^)!! dlili^}^ l_Luijjj _ I 

_A_jj^lj AjjISJ! (j-a J£ Aic- (j-ada^l ,\n«^l ^gjlfi t_Luijjj l_i 

A^iVl Aic- JJjj^aLk-a^l dlll^jjS L_iuijjj _A Jjla-al! 4iliiS jjii _ 2 k 

<jli (j-aLk^> j )jl (j^do Aic (V 1 

jjiili V J^la^ail pH ) cs-AiakjjAj^Jl (_>uV l 4-aj3 . i 

_Pb0 2 j Pb J) J(jjjail' t> dij£i PbS0 4 s-i 

dl_ijjl (_s—5] A joi^Ijj Pb + “ dl_ijji ^ j/in A 4jjS-a n_ljAj ^£^>-a]l ^^3 (_j-aL-a^)]l ^ilii-a _a. 

Pb +4 . ^Pb +2 

(jl_3 (jjiLadl! (_j-a i—jlJaSi ^IaA'umIj Hu^^ ^ ^ dljjji£ (Jjl-vxil JjidJI 4_iLac ^^3 t 

AjjUSI L_ila3 


/oAidi 4 ilac. 4iiALal dAd 
oAuiSi 4_iLac aAic dAaAi 


_(j!j)ii.l jS oAui^l 4j ClvW; V L_l 
_(j!j)lii.l 4_iLaC 4iiALa] c" lAVl ,A 









JjJs (J jj*i\ £ (Jj A.a C5-2 0.5 tAj-lii (j-a jl^aj Ajc. ) 

_^2w . (_£ jLol) jiall Ajjsl^aJI 4i3liLa]l A Vi5\l (jl^ 4.5 g ^-Ijoijj 

27 .J 9 .-^ 18 .m 4.5 ' 

C^yA ^Jlc- (jLa C 11 SO 4 J jA -« ^ 5-3 4 ^ J-13 *Ljj$£]I (j-a 4 _ia£ Aic. (t Y 

.(3j-Q. ^A t_UjjlLa]l ~s ill 

4 .j 1.5 .-^ 2 .v 3 ' 

(2u = II jjjjl*v ill 1 "(Jj A.a (_^l^ljli 0.2 tAj!.}La yA <xa£ jljjal Aic. (£ Y* 

.(_^jLol) ^^ic- 4-iiJjia]! (JjjI ~v ill aJjS jjl^ ^4 

3.2 .j 6.4 9.6 .m 19.2 ' 

(j-a Jj-a 2 o^j-^j-a]l 2)J~> JJ " CllLjjjjlS ^ j.a-N (J! 4_js j5UI elj j£^JI 4_xaS (4 £ 

^_5jLuU (^bjlillj oj.Aa H,S0 4 ^ii(jJaA2w 

8 .J 4 2 .<—1 1 j 

-; As- jlla Ailuii ; Ljlii 

4_]j£ dul£ lili .JjjUi.} 4 tAj-iii 4_iiaj ojja] dll jla]l jllljlg (JjA.a ^ jJJjal 7 Aj-luo jIjj j-ai (4 

i .W«V .13.88 g cr-Dfr^' jt-Jjll jjj^a ,1»J j 12 g jW^' JJJ-« (Jj3 JjjI£3I 

. —I~1 ^\\ |^J A A *iaK4l a Vi^U 

cs-3 9.56 min sa-»J 5 A aj-iju jLii j'j-«] (j- 4 A^jli]! ^-gj-a^Vt ciiVj-a .nc. l. ui^l (Y 

[ A1 = 27 ] . ‘• "'n«5 jJI jjf^a 

-;4jjli_a Jj»|jx£ l*_u La&Lusj Luj jj AgU]l LjUafiVt l_uj (V 


Zn 2+ 1 Zn° 

[ -0.762 Volt ] 

. \ 

Mg° 1 Mg 2+ 

[ 2.375 Volt ] . 

L-J 

2C1 1 ' I Cl,° 

[-1.36 Volt] . 


K 1+ 1 K° 

[ -2.924 Volt ] . 


Pt 2+ I Pt° 

[1.2 Volt] . 

_A 

jl A ^jlalaJI A 4ai3 

( _ 5 ^5Qa-ija'^n J)-a^)]l <_ uSI 



i( jjj^ll jLii]l gjbajjui ol^jlj IgJ 4jt3l.gl ojl]l Aaj3 £-a t AjtSlj 

.LlJ^)^ (j-4*-a]l Aj^JI ys\ 1C. ^I^kluil ^a-iC. l. in« (jjj (4 

.tilbl jjoi3 (ja A iml~v j jxaLmAJ c45>m\I >*^>3 c" nfn Jaiaal il 

CS-^C- 4 J All (_gj1Vi (jjjLk^ala (jjlllliaJ (jjllii. ^ (ja AxaS Clljjjl 

ClijlS lili. I (jjoL^j AjjjIS (Jjl-vja ^c. Ajjlall AjiiJI i H (jjiLij AjJJ^ Jjia-a 

[ Cu = 63.5 ] . 0.073 g Jji\ ^ ^ ^ 

_4jjlii]l 4 j\-v\Lj jjjl£ll AiiS o^IjJ>]I c. umA J 

.^jjIulaJl Aic- AjjLaJI (Jc-lij]l Aj^la-a l_jjSS _l_j 


H 2 (g)- 


-<-Q—<- 

'/ t \\ r— Mg 

p x rr~ 

u = " H*(aq) Mg 2 *(aq) m 


jj j 5‘n (JjlLall (JSjuJIj A 1iia]| AjjlaLsJSI A i\-y\l ^V 
A_iii. a a irfVij A a | i .^'i (j— 0 

2.36 = j'ij-a'iljili' a<ilj3 c"‘sA _ ^j-Uauc-La]' 

A ui.il )ij\l ^ _Ajc V 


Y* W/Y. U 









































.4 lulllill ^gill 4 )\~v\ JajjjuJI ^)£jl .1 

_4_j J jj.il Laj . X j-aj^L AjSI jLul) (_S-^ e jail ^AJOJ 1 L-i&l # L-J 

ja mS'll JljpjJlj o3j_^.j>il d]La jlaualL (_j*lLuil t4 i\~v\l oLa _}jj|_£ ^jj mic.La]l Jjfc. _a. 

.dlLLi.1 

aJ.ljuUC.LalI ^gjulLjall (Jl jlid^l ,\£ ~\ L_Lul^l .3 
A i\-y\\ ^Kll Jc-Ujul] 4j jLall 4j.lLua]l t_n^l. _A 

juij !•»~s3i (jja. j j 1 A$ SI 4 iA (. ’l jjVi ^gjl ^gJUij jil (Juli-l>a]l J_i1j (j-a dll jJa3 ^l*-all <-_sl_dal _ j 

jinulj^ g.j jj*i ^g3 dllj jjuiS ,L)3^ J~4~i * *■:I 33"^ CL9^ C5^ ^ i jd 

^ jdul .jj.Ul ^_3 j jinll i"il y ^g.‘1% 4 i\-y\l 3-ac. 4_ild j-a pH 3-aii ^^3 ^jjLall jjaull jALa _ j 

-t jji]l jj*j ^gi L-in«\l 

diuj (jjil -vill j-a LjjUaS^I jj£j (JjjI ill Jjis 4 iVn 4 i\,ac. ^ 

-; l-ili\<'l ^_gi ^jdaju jA La£ (^gjj^SlI (_);!■>■‘<lt 4uLaC. 

^jjl^llj — 3jj^l j-a 3^ ^-uijll t ^glc- ^ j . I 

?4 qjl-all ollA 44 -aAl La ?4 lAII £-tii ^_gi 4 qjJ-» jj£jj liLal .L_l 

. jj-uajUJlj dldnJI j-a 3^ (-dlljd LU-uijj ^g3 L. lUull ^ jdl _ _a. 

^ Y 3^Li. j-U-al 100 A ^udui jl_il jlj-al die- 4 i\-y'l ^g.3 1 -' ■ aj~'j ^g-fijll jul ~v ill ju ^»lj^. ^ .3 

4£.Lul 

die. jjjjjQul (>.JJl £-a E ce ii A_ailill S>All ^ >J*ill ^ ^-> ^ ^ 1 (^ 

# SjLluiII (jk ^J^dll jLulI jduOA^ I Ag ah-\Ltll 



-=^r 

..«y | 



Lead-acid cell 


Cell X 


e.m.f/V 


e.m.f/V 


time/hours 


time/hours 


du (j^aL-a^l 4_ijUaJ ^ (j-aj^l E cc n 4 i\~v\\ 44J^)^S]I 4jt3l3l ojl]! Id^lj I ±lu> ^giaC-l 

I Wu l^V I Clil&Lui cJic* 

^ 4 AaJI 4llLaj (_^L]I 4 i\L\I jj <—a^>*j 

_(j-aj>^l duLi X 4_iIaJ! ^ f.laj ^gi i_nxJI ^-jdl. 


Y* W/Y. U 


i \ 














i_aUoji djlac-i (l < 


F 2 ( g ) + 2 e ^ 2 F (aq) 

E° = + 2.87 V 

l2( 2 ) + ^ 6 21 ( aq j 

E° = + 0.56 V 

Cu“ + ( aq ) + 2 e ^ Cu (S ) 

E° = + 0.34 V 

A1 ( aq ) + 3 e ^ A1 (S ) 

E° = - 1.66 V 


?AjuiSj5-a qJ-alxS q_£^jSVI Lagjl .1 


Vjj^.a qj>sl*fs l.ag ji .L_S 

? Cu 2+ (aq ) <jj4 A1( S ) J& Jjid qji (> Ja . -a. 

? Cu (s) (jAdlll Jjid (jj^Vl j' (S-uil l-a 

jAl-a 4 Al 3+ (aq) I Al (s) & Io | I ; 4_}MI d5lc.liSll d idajl ^l^aJLmlj 4_ijI_Lj ^1,'iVumI Aic. _ _A 

?4 iml ]3 qj£ (jl ^1*JI 4 4_ijLLia 1I ,)g ^ 

# # t $ 

silljl q_£.M j jj V ^.all 4 "ll Aj-a -id jjg ^3 dlc-Lui 5 SAa 3 jJXal 2 d-di q^jlj^jgisi jLil j-al (2 ) 

? 4 _ 1 ‘s^all lji_A ^j- 3 ^yAj-sjsJI J)-is -Y-uiSlj ^JLC- L-a _ ^)j,) qj_^a ^l^)_i. 22.2 1 . V ‘ "J)"' 45 —S] 

.(118.69 = Sn) 

.Yg > jj>»q-v 1 j (j^il.-N ill dll jj^)j£ JjJLs-a ^gJI Aildal JLic. Jldl^ 4 jA J 

/ajJiS 4^jAi 4 jl-vll 

_4dJjjjSIVl 4jl~vll 4jia.^a JjSj Lad -LJLui 4dlilaJI L5liJ! ^ JjAH ojLail qjjfsJ ,4_j 
.qjj-aajLiJI qj-/s 4julaJ Ia j5Ua qJdaSJ qJfaLil! qj>a Al-ldll ^ya 4c-j'u.'i.all <sLa]l dLil^i. 4jLad _ _i. 

( dlji 0.76 - 4 0.4 - qs-A cs^- As-ldl qj/s qjSH Jl jiiVl ) 

_qj.)l*-all qJSLij l.*u.^» 4 il,ac. ^ya jjuU a-Lall ^3 ^!iLal 
.qjj^x-a (illui qj!)ld q^qa ic.La]l q^qa 4ji_Laaj qjdjVl 4 " l Vi 4 jj3Aa]I oLlalljJsuil^a qjdajl _ _A 
4 _iaS (_5jl_d Jjlaallj 0 9 qj;-v.i.i < sS/l jlc- (Jya 32 g ^LiiV Vaj5U! e-L^jg^!! 4 _ia£ _ j 

.FE qj^jj-ligil 2 g ^LiA/ As jLUl <sbjg£]l 

_4lLiall C- jj. ^-^11 (_)y<i‘i>«<all ^^3 qjLuii^/1 qj-ai njlll dLljlJaJj .j 


-:6^ clw OJ^ (^ 7 

4 ilxac. j oAjuiSS/ 1 4uLaC- J 
J Vi'S .all q^alaJl 0 ls.i£ o^all q^alajl 1 _! 


Y* IV / Y.u 


it 



ftj) J\ <Jul\ CjbUI 

(jl j La* d jLfr Ji] a jib ^ua : Vji 



_■ A£.^Ha Ailuii ; Uilii 

X jLull a-l*J = Ajj jg£]l A_u£ ( ^ 

fjljS 1680 =’ 240 x 7 = 

-cs jj££!i! jl£]! jjj-a lJ^3 «1jjI£JI a!£ — jLiiil aju ^jjI£]I a!£ = S^Lall a!£ 

gm 1.88 = 12 - 13.88 

96500 x AfuijlJl oaUII a!£ .. , ,, , 

- ——-——-= a_l«I >^11 Ajs1£a1I a L£]l 

4 \ ^ ^ \ i 4 ^ 

in^oQc 1.88x96500 

gm 107988 = 1680 = 


gm 9 = 


0.26748 = 


jjIL j-aj]! X sAjj = A_iJjg£]! A_i<£ (Y 

2868 = ' 573.6 x 5 = 

H— = — f j^j^blS ajj£I a!£]I _ 4ial£4l aII£1I 

3 ^j-jlVI jal£j f 

2868 X = 9 X sj|_ji ;l±£ 

96500 96500 ' 


SaI_a]! a_L£ 


gm 27 = 27 x 1 = A1 x 1 — jaj]5U a_i!j 4I Ali£I! 

27 gm <■ - 44&S A1 1 

0.26748 gm < - Jjh> <_h 

1 n nnQQ 0.26748 x 1 

mol 0.0099 = -— <_h 

27 






































































Cl < Pt < Zn < Mg < K (V 

2 K° I 2 K 1+ II Cl 2 ° I 2C1 1 ' : >Jl 

AjjISJI Jl jlkl ^ + A_yjS?l -lu^b Ag 2 = E ce ii 4*3 !a]I ajll 

. cJja 4.284= (+ 1.36)+ (+2.924) = 

. a Jl\£l\ Jl a ijiVI (jxs jLnll 2)9^+" alajl 

.4jA»jiSJ (j*a (J^uLj Iaxs (j-a Jc-I 4jAm£i ^ 2 J Clm>. Jlc. JiLuufi )-»l >«j jA 4j^ (1 

1 lil Hu j J&l Qi (jV (jj >.*-i JjsJI (_j-a uiaj +jAjA^JI t.45 mil Jj_iJaS C-i 1111 J_+a3J (® 

(jlj_+aall (_5-ic- 1\°i\ aj j tl n >«i IjJaj La^jjju + j j Vjl jJ-juiaII A i.wll 

.+Aliu) 4 v^ vwll 

._LU_, 0 


Cu = 63.5 


gm 31.75 = 2-63.5 gm 63.5 = 1 + 63.5 
0.073 gm 0.146 gm 

Cu 2 + 2e ■* Cu° Cu +1 + le' ■* Cu° 


Jl 


1 

m 63.5 = 1 h- 63.5 Ml 

0.146 gm aJISLJI 4 i& J SaL Jl 

Cu +1 + le" ^ Cu° Jj2l£3l Ak. 4 jaL*JI Jc.liill 4JaI*-<s 

-: JU^vij s+u^n o* Kji* J ( >r 


eAuiSVI 


A^iL-LAi£ ^ aC. 
•»•»•»•* .* 


. J&i J Qjjjjl L_]Lmjj£I ★ 


djAauS 


J AJLuJI 4 W>«ll J oaIjJ ★ 


.4jl^JI 44J^>^]I 4 W All Jl ★ 


. J&i jl Aaa ★ 


. jl 4u^._JI 4_ij^>J]I 4 W>«ll Ji oALiJ) ★ 


.JUI 4 W >«ll Jl ★ 


.; J jli-aJl J^lxllj Aui£ja 1| J^lxll qm AjJAa , <_j 



AuJ+all JxslaJI 

4 J aC- CjjAa. Jfr A&LuU 4 _jjI_uu£ 3aL» 

.Jl JiVI ★ 

.oAuiSVl ★ 


. Ji£l J UjjjSJI AaL ★ 

J&l jl Uj j£ll i. l- aj£ J ★ 

.oAuiSl 4 ;L& 4j i" jAa. j ★ 

Jljkl 4_iLaC- 4j i^jAa. i ★ 





























ch 3 

ch 3 


Iaxs ojUc- J£1 SjjIj £aCa ! Vjl 

l-ic- La Cl '1 j^^all (_]£ (A 


•C 5 h 12 . •> 

•C 4 h 8 

,_=a 

C 6 H 6 . V c 6 h 12 . i 



.CliljC 

.^sie- c5 iL* U^' LSj^i 

.12 . J 

.10 


9 8 J 



. 

1 (jia-asJ <Jljtal! kc. j-a^-all (V 

. -OH . J 

.COOH 

• 

NH 2 . m -CHO J 

!^A CiljSall (_paA 2 »J <llail! kc. j-a^-all (A 

. -OH . J 

.COOH 


NH 2 . m -CHO J 


. ice. u ul>*jJy) 

ccL£ j-al! ^Ijji <_>a ^jJ) _jy* .'. (° 



.L_J 

^d^jljj^jjj'l/lj J^jbjjLSI J 

. CS^ 


.c 

(jLujjKumHj (jLilill _2a 

. u' jj«j z) jj^' o* y 0 

ch 2 -ch 3 & ch 3 - ch 2 - 

•M ch 3 

- CH, - OH & C,H 5 - 0 - .' 


c 2 h 5 


c 2 h 5 

- ch 2 - 

CHO & 

.i 

c 2 h 5 cho & HCOO C 2 H 5 


CH 3 COCH 3 





. (j^»-a*v jA FeCl 3 Jjia-a cs lc- JJjL <1 L^cl! (jiaAsJ! (V 


.tdxajjil! 

# C_J 



L^\ y\ Y m y\1, i i\\\ 

.c 

.tili&^l ,_=a 




!^A (illljJj^ll (_jlaAaJ <llail! kc. j-a^-all 

.- OH . j 

.COOH 


NH 2 . ^ -CHO J 




( ‘wa 1 tuS vail a \ £, alkali uli*J i ^ 


_CllljJ-ajJ)j'^l 

.L_J 

_ (jiaLa^S/1 .1 


.CLljlaaVI 

.c 

.Clllj^uljjll 




/'va ^ q VaI! Clu "l q /'u UaaVI Vli*J ^ * 


.L_J 

_ciiLjliSll J 


_cii!jluj'^l 

.c 

.CLV jlial! 


.lJjI£jlJ1j o^jaL ClL^lc-lili] . (j>a (J£ jCuu (A ) 

.ccJl^lj jjjSIcll _l_j _cLjlLuJlj CliiS!lU! \ 

.(J/noll CjL jjjjjj diy^' Clilliui) _c -( jjjSlc]!j ,j^laj]l 


- c1liSI£^ 31 j 


t iLL aUI 




til ikaaVI 




.j 


.dlV jiiall (j-a . (_j-a (J£i jm i (A Y 

. JjlLi.jjjjill j 


Y* IV / Y.U 


tn 















(j-a . ^ ¥ 

' 2 ^ 1 ] 1 j ^ j 1' < i . j J 

.JUUuVIj t D.D.T. ,-=k 

_ 4 iUia^lj o^j-aLJ! ClL^lc-lilil ^ul^j . ^ £ 

_(_jjJ .L-J _(_jjjoLl!)LiJl j J 

‘lAj! .P.V.C. ‘ (jjliill .-=^ 

_jA (jliic. 4 _^j.S ^gic.! 'U (jj^J (jl (j£i-aj l _(4 ° 

.CH3CH9OH .M .HCOOCH3 j 

.CH3OCH3 .J ,ch 3 c=ch - 

(_j a ojl_lJ) ^g -9 !)Lal_£i Uiljii.1 4 _La (Jj_a]I Jjj Ha. 1 i_5-^ UJiJ^J^ ■•£ " njJ>aJI 4 » 1 >.^»\l ( 4 1 

_^A $.L 4 I (_j-a (_]^a 4 il (j 1 2> j> ' 


•C 4 H 8 .v .C 8 Hio .1 

•CsHjo 4 .C 3 H 6 .-?> 

JjjjjfSI Cls!_jilaj! ^gic. 4-al^kluil (j^-aj 4 jj^ 1 J-»j U Aa.1 (4 V 

_(Jjj\jjJJj tililLull (jj^-l-a^ _L_J .(Jjjljjlj liLjjljJjj (J>»,a-»> J 

^(J^jljjjjj liL jjjjjj (_P=la2 >. .J _<JjjlJijt j lil^iliL! 

4_jjjjl 4 _Lij! j ) ^glc- (_gj'i~vj L_lSj-a ^gic- 4 _La (JfTN 1 4 JUJI Ja.1 (4 A 

£-a (J^jjlljVI _l_j _liLjj]£j q J^-i-a^ £-a (JjjlljVI J 

CllUjJjS £-a (JjjliL VI J)]a £-a 

_jA 4 jjip (ja o^jaJllLa o^La ^gic- 4 _La (j^-aj ( _gjLaj j )'^M " (4 H 

-( jjj] jJa]l _l_j -( jjJ)jJI I 

. (J J .(JjliaJI __2k 

C 4 H 10 O 4_i]t!i]l 4» n.-i\\ ClL^>«'i.a\l .He (4 • 


CnH, 



.(CH 3 ) 3 COC(CH 3 ) 3 

.(CH 3 ) 3 CCOOH 

^ch 3 


CnH, 


jljlmbU <ujj 4 _JU]I CjU£ j )- 4 I (ja Li (Y \ 


.CH3COOCH2CH3 

.CH3OCH3 




CinH 


10^14 


CinH 


10 n 12 


ch 3 ch 2 ch 2 oh & hi <>i£ 0- ^ o' ^ ji« i> y C ? 


.CH3CH2CH3 & HOI 
.ICH2CH2CH2OH & h 2 


.CH3CH2CH2I & h 2 o 
.ch 3 oh & CH3CH2I 


tv 













. J JjSj isj*- cs^ (jjJjS g-i jA cS' U£ ^Jajl Jj^ 3 (^ * 

•C 2 H 2 , C 2 H 4 C 3 H 8 , C?H 6 j 

•C 2 H 2 , C 2 H 4 .j c 2 h 6 , C 2 H 4 - 


-;4_JHll CjI^aLuuJI UaIc. jjjj 3 ; oLulj 

.4_JI tiLijjujjJlmil yjAi-a-s 4iLjaj Allc. ^-a-oiAllSl Fedg HI AjAaJI Ajj^lfa (Jj^-a y)^]j ( ^ 

(Jjjl.’n^aSl lilii i^a (Jj-a / 32 y^A (jj> m^Vt jlc- j (JjjliiLaJl (_^a y)£] 4_ii)J>a»JI 4 ^Y 

.4jAI*JI Alll 'n jA Jjlc. (ji-yauV^'j yJjLai 

.AjjlxajSi]! yls!>lc.liu]l yyaaj yji 4 _jLjjj (V 

(jUj^>Jii] JaLulill ^ i 

.(Jc-liill Jajjjoi LS lc- <-_a3jjj (jjjiil! 4 \y\th 
_4_jjlxajS]! AlLAc-lsal! yyaaj ^ tiLIiuull mil ypaaa.j yyaaa. 4 jUu 

_4lilijA (jjJpJI SjJLU 0jU (jc- a ‘il'i'NJ 4jjllj ^aj (jjjjJI 4 w\» ^cjlj (V 
-( j^.Aa L- Ig (jj^u iS^\ y^a oAAa-a 4y-a£ Ajaaj yJJ^JJ^ yjjiaj 

yjAaaaj 4 aAa-a-v-all ^jjauiljjj]l AliUl -v 't-a^j yjj] yjjjj ^j'il /ill AlijjJ)]! 


-) alA^jjg]! ^aAC. C_LLuj ^J_ud3 ] llillj 

_yj_jjlaj'^lj liLjjlJI yjlaaa. (jjj ojiui'^l yjc-lij ^ yjAaaa. (A 

>( jVI a j'A<a aALafa ^Y 

.jjliLVIj yjJJJ^I y5j)lc- <j£ ^jj 2! <aLa (T 

.lAllnullbuJ' (jAaA 2 ».J yjAixa-S yjjj JjJXaAll ^^3 F 6 CI 3 (Jj )^- 9 (£ 

^yj^jljj^ Y j ) (jjj j-iialill (jAaASkJ 4 >>a,a-v,a\l ^jjjuiljjJI yjUlaJua^ 


a.I Ij.n.ia.a (jjljS^I (jjj 4ja^alaJI L-kaa LlAc-L^aJ AJUil yl)USj<a]l 4-lij \ 

^ pH) .tilliaJ! ypxaaa — Jjjlil — ^jjAjj-a Alui£jJjI yj-a y]Sl 4yjLa]l y]21 *sxa\l ^ ) 


^ 4_uA=ual_aJI 4q>^i\l ) 
( ^gjl ).a JaLullSI ) 
^ ajJalll Ac- 4 ^jA ) 
^ (jLliiJI 4^^)A ) 


.JjjllVI — tiljlmVl (jlaAi. — JjIiaI! ^Y 

'JjjSA J) a « —(jWj^W J) * a —ylA ^IJ J) a « ) Y" 

-( j21aii]l — (Jjnsit —(jjJpJI 

_y]jjj! ylll^jljj! — yJ^ilaj! — (jla-aia. 


(pOH ) ^jjj^-a! c** ll ‘i 1 a ail —J^liS —AlauSjiiS yj-a y]Sl 4yjLa]l y]21 


( (jl llat\l 4yajA ) 
( (jAxaaJ! 4_jAc-li ) 
( yJiaAlS! 4_I^_aJJ ) 

( (jLliiJ! 4yajA ) 


_(Jj£oia jjLljVI — JjjliLV! — (V 

(jAa-aa. — i2Lii£!iU! (jAa-aa. — i2bj'i.n«\l (jAa-aa^ 
_y]jjj! AjAjJ —yJjiLl AjjjK — yJjlijt Ay-aj^jJ (H 

.liljjjljj' —^ * 


i A 






j-» (_JS cs-^ - 4j.il*-4 4 jLj£ £-4 4-1i')/I till j3tn\I i _iij \ 1 j— 4 I•n 

4-alj oAjoiSI — ,^-il-4 lJ^- 1 — ^jaS -J A ~^*1 — — *- <1 > ^jaLai) ) . jj^)£-jJl j^> jli 1 . 4 II ( ^ 

_( 4jq\-v oj-aij — pLp]! JalVn — 4 \y\th — ^1-4 ) .^Jjmll^l' 1 ijj£ j«4 (Jjili]l (Y 

oj.li& — s-l-a J-ajqVi — (Jl jiial — Jlaj — a-lmSi — o jL-il ) .^jXuJl£]l lii^ j-4 .Ii-jLIij-jVI (T 

4jJ)ia. 

( <- y ^ ^Jail — (_5 jla ^jl-4 (Jiaj — 4 Wlft — e jnj ) ***»!' till j-a ilil^jSJI (jaAa. ^ £ 

.( pU]l Ja Jill — — 4_lJ)ia. — <- o\ a jaLail) — olmSI ) j-a jlll-all 

-l^-ic. Jjt.-Tvll j_jjil_j3VI jjj 4a-la_j-j]l tllljiaaJI i_JJ j \ L-lLm 
^fllulSI — Jjlj (Jc-LiJ — pl-4 £• jj ) J^lllVI j-4 ill'll .XjVI (_jja<42k (J 

.^(JaL*! — 4iiLui — 4_i£i]l — o^xaL ) j)\/l uI j^ ^c. li—a i_qlVi-4 ( Y 

-j-Lc-^jlixa 4 llml \ Ixjl—i 

-;JjjUuVI Y i^’ J^uaaJQ AJsujL ^uajj ^Uil iaka-bl p 


c 2 h s oh 


20 


KMn0 4 / H + 

A 


X 


NaOH V } 

B 


.Y ‘ X ijUSjJI pi—4-mi j£aI j 

Y J X J (Jjjlii^L] 4jjLa]l (JJla-pI] pH ij-n jjligJI ^aij]l ^lil t_jjjjl]l jA 1-4 _t_j 

B j A (jiic-liiil ju^il ^aI ,_a 

_(jji]l tllAlall ^)..i».jjl la-la j-4 A (Jc-Uli Jaj-mS aAaluU jl jfixaj (_£^)ai 4 _jjLi-uSi oAL-4 ^)£aI .A 
. j^jJi 4Ao^' (jluaa Aja-j (J_jjliLiVI ^-4 X t_lSj-4]l (Jc-lil) ^ili jA 1-4 _ -A 
. AjAaJl tlllxala. (Jljial aAalmJ Jj)Ia-4 (J-alc- (Jj—aall Y <-_lS_^<aJI ^lilLuil t ’l ,j 

.^U^illl ^Vlj c^LLil 4^-)^' £y> Jjjl^allj ^li-aJl i fl^i ^ l l Jjj Jjli (Y 

J h £j_4Jl tiljljjjSil jjh 4^ ^-4 JjjliuVI uj-v^nl 4_ijaj f Ijab Ij^ll u^Uall <j-a dilc.j4-\4 cb^lj (V 

Y^ul^Ill ai& i_fl^b&l (_Lxui j—i* # 4 411%<a £ul jj 4ii^j ^ Ijl^vj 

.^jI 3j]l o^J 4-jjI 1j]I 4»j>^all t_li£l J 

?t-limll 1-4 ?4iUlaVl-J o j )-4ij]l (Jc-lill ^ualmj (jl ^lil^ill oi& j^ Lil _t_j 

| e 

.biijjlSjjljA (jluia j llilijjSJl (jluia. (Jljluil lij CLiAa-i jl £3j!i lil—4 __a 

OH pjtla tlil.j..ui^.»£ ^ial—1 ^lil 4_j jla*Jl tlib^j^l j-4 ULjlidl jjjsu (£ 

O—CH 3 _;^ A^lxll Aiwallj Ajjc.VI ^c.U«a gji 

j-4 (_^lj 1 jLiilill oJlj-a.j-a]l 4jl*i]l tllLc. j-aa-JI pL-4-jjI Jla. J 
.l^J 4 itlajil -vll 4i—rail jc. (J^j-j- 4 tlllc-^Aa-p]! oLlA 

^j-3 ^-*Ja t"ll j ^la-Lull 4_)j_laC- t"ll J-ial (Jlli-a _t_l 

4jjic-'^l 4c-l u.o 



0=CH 


MV/Ml 
























?SjaL 11 £jJ Laj ? gjUl) ?SjaL 11 J&liol ijjVutn 4 _jjVI CjLSjaII qa Li (® 

^(jjjjjj-Y (Y .jjUul (4 

■ ^jLujSa ^Kiu, ^ t ^ Y 

.oGL (^ .lAj£ (° 

-;AalUll AlLuiVl 41^! ^Ull ialai_4l (^ 


Red Hot 

< - 

Nickel tube 


c 2 h 2 


Catalytic 

- * 

hydration 


3 

u — 2 

x m 

u < ■= 
< 



.(2). ‘" ""; . (3) .I . (5) .I 

___ 400°C ___ ___ 

.L_&j-a (J£l lilLj^l ^a-ui! £-a 5 cs-^ 1 ( — ^ 4^)>al] 4jjLnl! 4» u^i\I t_ii£l J 
4 f=^J t-jSj-all (j^Lli^M (Jjjikj cA A-a-l^JiuLAli ojliiJ! (_LljaJ! ^Ui! La .L-J 
3 l_l£^)-all 2 t-jSj-aJI ^ ^.laLjaball .luiSj-al! (J-aLtl! ^jui! ^)Sii _ _a. 

.5 ^3j L_l£j-all 4 (-jS_jx 3I (Jjjaul lg-A'iVL«l (j^-aj ^glill o.lut£j-all (_J-a!^aJI La A 

o^L-a — .Ixal — ^1441 (^g-sLa. ) ( _ 5 4c- (Jj ‘^'1 til iGaJ a <1 ft 3 L_lSG>4! (_^ya _ j 

, ( Cllljjlaail o^L-ia-a 

Yti&Ul AJU1I ljjLvUI fi\j±\ ^ £utlll j£il (V 

-( _^jLa ^Laa. (JjjLixal! £-a tiiLaj^^ll (jiaaa J 

• UjV 1 jV' c 5 -^j ^>J_^4I f-La (j ' 4 <44_jJaS 4-iLial .L-J 
diljJ>i4 ^La (Jjia-a (jjlLualjliall dil_y)a3 4iLia! _ _a 

LS^] ^jj 4! <tLa ( 4 ® dll^laS 4JSLaial 

tilj'ij^jS jjia-aao 4 ^A-a-v-a ^jauiLijj CllliLaJua^jj £_/s ^ : \W 'ill ^^lii j_nll (Jj ~v^\\ -Lsjia-a Qj-v>«"i _A 

•J£>° 

_;Aj 1 U 1 | AiluiVI ( _^lC' t-taJ Aallall CjLSj^ll (A 




.4 4'i-y.a djY^Li-J B J A LW tiljS^aJ t- 44 \ 

'L. 1 null La _ ( _ 5 ic-i 4 u>»4~s 4j B J A L^ 4 Li . l r J 

(3 t_jS^)<all ^Ic* tilj£^aJ i_4j£ L-iS^j-all (_^a _ 


A 


















.t— lluJI La (] L_l£j-a]l ^»S B (jl )\» 1' 4_^^).S ^ \.ag il 

_Ujlxaj£ C JaLLj L_lfui j^iS _ _A 

_4j <Lal*JI 4jt_u-aiil 4jLi£ ^-a p.La (JjJy C 1 - T -^ J >' 4 ^ _^ajJyV 4_LLrJ! 4 » u^>\l l_ u£l _ j 

O^JJ-^' £-* J-C^ C 3 H 7 O (A) (i>*^ac. exSj-j (^ 

L) j-\ <> n1 b 4_Ja*a^4l f LjL-jjjS ^Lii £-* (A) ^JaI' J-C’LSjj L^£ (B) l-lSjaIIj 

.A ,B,C *— ^ ■& -4_ijLli5\ £L_ii£l J 
_iL31jjj!>U liij A ,B,C diL^j^all ^m! j£LS _i_j 
.A ,B,C *•"AAj»]' ^ 4jl*ii! ks. ja-vall ^m! ^}£L! 

_La^jjJ Jyxaj]! tilj£^aJ i__su£j A ^-J^^j-ai] - jjaV'4. ^ 4-LLiJI 4»u.*-»\l L. n<sl 

.iLlijL^! j-imfl'j £-a -( jJUni]jlia]l ^jic. B ^iS^J-ail ^Lail (Jj A.a\l jjjIj La __A 
(2 L_l£j<a]l iAjU^j^jS (JjA-a 4iLAal Lie- Ll'.W j ILLa _ j 


-; ( _ s 1j LaC- t_i^i LJLjjLU 1&2j LlaLai c-iSjaII ‘LauiI * 

/ 'S —CH=CH—v \ £—a L_l_£^aJ! !a_A J-C-lij ^—AbjJ 4 uLlxu£ 4_J^Lt-a L. lL£l J 

\-/ \-/ Al/ajjJ 

.!L^ .*—SjfLLj^jLa SJtlfll L_l£j-a]l ILa l. uaAL-aJ Ja _l_j 
_ILL alj L_l£^a]l ILa IgJ L. nVnuj oj^alJI £-jjLa 
_L_»£j-a]! oAuiS! (Jc-lij (jc- ^>i*j 4 _LLiaj£ 4j^l*-a l_ ii£l 
,4iLAbVlj (JIAiLuj^I ClAle-Lli] L_iS^)-a]l ILa 4jL=wILuiI l_ilui (Jic- _A 
_(_Jc.lilSI ^cjL jA Laj ^JjjLuJI UjSj^aJI £-a (jjJjSL! Ajj^]£ £j!j CS - ® i—ulill (Jc-lij ^aujl La _j 

.(Jc-liLlI ^jLi _jA Laj -( _ 3 jLuJI L_jS^-a]l ^-a pg -L^?-J f L)P^ (Jc-lij jxuil La _J) 

La£> t_a^i j^U*Jl (Jj)jj (jjj Aoa^LulUI Jajljjll fj*uj ^-a ^iLill c-^jaII 4j il uH t_u£l^ \ 

-: cAj 

ch 3 ccch 2 cooh 

'£-U.Iia (_pa-aaJ L_lSj-a]l lAA (_^-a (J_j-a 4-aJ)!)UI (jj^jjAlgJI tll'^_j-a J 

^_3 l_ijIaJ| jj^a (Jj-a 4 <—iS_j<a3l ILa (_j-a (Jj-a 1 1) >>»l lij (jjU LllA^j liLa _L_J 

• <^' J 

'£-Uma (jjJ^)SjjAjA LjjS^j-a]! I La (_^-a (■ aft __2>. 

_^jAa-a L-l£^a]! ILa (j-a Aj£-aJ i_LlS 




h 2 o 


Br 

/ 

C 


OH 


(JjjbuJ! L-ijS^j-ail ^j-pj >^>\l ^gjL-a (Jj \y.a 4-Sl >>»l ^uLj L-a dlV-iLa-allj 4- 1 li£l _L _1 
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. Z .j . X ^2' ,-?v 

-;^A ALL]! L-lUasS/l (j-a JSI ^ ti.il LSI JljjIlivVl > (jlS L] 


Na +1 / = (- 2.71 1 V ) ‘ Ni +Z / Ni u = (- 0.23 V ) Ag +i / Ag u =( + 0.8 V ) 

Na° 

IgLa oJl^lj l^C- A AjJiLlil Cj1jL*JI j_jL 

( Na ) J* (Jj-L-a (J-alc. (Jx^asS l_j Ag + ^ ) (_l<alc. (Jttiasi 


:+2 


+ 1 


4j_uiL.ti.II ^ _3 A _tiaall _uU J_ 

LuLba 


A t>»q\l a.Atti^S ajAll 4j (jLgll 








-ItjrA j£ £■ Aa£a£ AJJaaII AjjLfajSJl CaVaIxaIL ( V — % ) <ja AlLuiVt 

.^jAmic-Lal! (_^a ^jAuiic-Lal! CllUjJjS (4 

.CP )-a\l (_^-a (jLui^A (V 

^ u—* 25ml C 5 - 2 ' 0.3M * j-£Ji ^ cLJjjj£ J j U a ^j—a 25ml <• i » j - >» ' 

. 0.4 M “Jy £jj ^jj^.jj 4 ^' 

_? o^j!j)]l a.}La]l La (4 
.AjJsLsJI dl5lc.lili]l - 1 *J AjaiLaJI IgJ^^a La ('5 

L-) >«•*>' 2.7 X 10 ~ 2 j iajISM .'ll ..4 Jj Lai K sp A_j|jyi (_) ~s (jl d) .ale. lil (4 * 

? -lie- ^jjjj-al^l dlLjjS JySjj 

-; fl^3 ^yL Iaa JS jjJ jij) ( \ T — ^ AliuiVt 

. J 0 ] 

' J > M j (_JAj J jj ^4 Y 

. (jjj jj — ^>jIa (A V 

.;( n _ W ) <> Aiiu&l 

-;Ajjjli-a (_]-a!j*S lAJSjg V 1 *jj LjlC-L^aj LulljJ AaIIa]! L-lUaS^l i—sjj (4 1 

Zn 2+ I Zn° [ -0.762 Volt ] . ' 

Mg° I Mg 2+ [ 2.375 Volt ] . m 

2C1 1 ' I Cl 2 ° [-1.36 Volt] .-^ 

K 1 + IK° [-2.924 Volt] . J 

Pt 2 + IPt° [1.2 Volt] .-a 

o^S ^ li»M JjAxu Laa (j) j)-i3 AglaiiJI 4 )W\ Jj-a^jll L-n5l (4 ® 

.Aijj^ 4jt3l3 

• yr?J&^' L)9j^ *W^J E ce ii AajS 

(_j-a J£ jjjlj (jjj (jjtS _ J)iill o^j&Ua ^ j (_ja (_]£ £a dljldj (4 V 

.ljjjJ j]l ^Juc. j (_5 jla j Cone. HNO 3 j£ 

_;( ^ A ) <> Aiiu&l 

(Jjl^ a ^lAaJLuiLl 1 1 ,qA a\ 1 (_pa-a^a. (Jj_Ls»-a Jj_l£jj Ca j5U! dllj ]rv\' (4 A 

^Ijc- La.'iA'nuxa ....,.^ j jJliA (_jxs ^ >xil l3 

jllllLa 15 o^yla-a Aic- till^lujJ J^LliLa 25 AjIAaJI ^jJ^jx^»\I AluiSjjJUA AliS (^5 

[ Na = 23,0 = 16, H= 1 ] . jsl / J^a 0.2 t> 

_. AjJUil CjljLail (jA Jli 1 _ r ai*Jl <_lujL 1 j£j| ( t i — t • ) AIlujVI 

_AjLuiLLa]l ojlli-LS! dj5l&lisll (_^a aLuAjui ^gjl ]a] 5\I (jil'vMl jm i (^ * 

CjLU-uiJjj Jj \~vxa Ll^jjdj ^ Cj-ALj jk x^ii ) JJ! ,*1 jAaJl AjjjK Jj-La-a Ail_dal JlLc- ^ 

_Ajai]| aJLsJI ^ J))WLall ^j.^i'ic. (_^a <_]£ Jdaaj V ^Y Y 


Zn 2+ I Zn° 
Mg° I Mg 2+ 
2C1 1 " I Cl 2 ° 
K 1+ I K° 
Pt 2+ I Pt° 


.lie CLliuiSjjSI ^1 jb-uijjia]l j jj^ ■ t. a\ .>>j (Y V 

.$.La]l ^^3 4da&]l Ajj^]£ jbjj 4jj» ..o ^Y 1 


AgCl 


(s) 


Ag^ 


10 (aq,) 

10' 10 xK<. = 1.7 


+ Cl 


(aq.) 


-;1 g il jl& 4_^j.i! buu Lj^Lusj ‘UlUll Ajj^aaJl biLi£ l_uj ( Y 0 

— cjj jmalaJI — (JjIijjjjuJ! — (Jjfbla. (jjLljV l 

_• AjjVI fcbtjLxit j& jjju 41a^ jt 4«aA£ l_u£) ( V* * _ Y *\ ) ja AliuiVl 

jlita. (J^le ,l_^j (JAiaII AjjjK £-a jj jiJI (Jc-Uj (Y1 
_^jj\£J|j jxa l£ -lie jjj-llaJI <J! Jpd^lj oAuiSVl je j.^>~i-v.a jjiaii ( Y V 

_lgjljj ji£J] je jl_ii]l (Jjuajj (Y A 

C n H"> n *L<sl*JI \ 4 nlqill 4jtdius ( Y ^ 

-t _^joiUi!l ji^jjd^JI i. )]aq\ <xmlllj j-^ali*U 4_jjaiUa]l Aui£q]I Jjg >\ ^ jl-ii l_jjj ji (T * 

_ : (r. - n ) j^4iiu.Vt 

..jil&laJI 4 _iLsJIj 4 a^Iaia]l L.ii^ jj ^ jjuii (T ^ 

-; jjjSuuJ! jxa jlluJI ^gie 4_i]^n dll L_llj (TY 

( 4-alj odaiSI — ^La j.aVl — (J^laj — <- ill -N ) 

.; (ilLjjV) ILlL AalUJl dL£^La^i i_u£l ( V o _ T Y ) jj» AliuiVl 

H ^ rr 
H—(p—C—H 
H Br 


Br 


H 3 C— CH — C = 


: CH 


H H 

I I 



- C - C — H /^O 

I I V 

H H H H H 

J1-&I cbl_£l Jl) SL-ai(m 

£ jdj 1 j < .i*v ^_L Laa Ig UtiHj bu (JjlLaJl 

»L_aj1 u-h jiJd£V1 j Sjl-u^Vi <-Aa C 

-jAetuJl «_jjlSc. 

_p0^(3^ ^ ** ij)o l.i^i,w\l jixuiSi .1 

Fe ddiJI jia _l_j 
. Fe 2 0 3 III alujSI 
.FeO II -^jdaJ! djuiSS _ji 
■: ^ CJH L -®^ ( Y^ - YV ) j-» AlkjjVl 

j JjilLV! (Y'V 
. J^jIj jjj — Y c J_jjlj jjj — ) (Y A 
.JAjVI CslIiJ jluil j (?*[ 


Y. W/Y. U 


vr 



















_ : ( t t _ t . ) <> AILu^I 
CiLAjA AjlimA A jil ult qa jjju ( C 4H10 O ) Ajjj jaJl AaxuoII 

,jj£j duaj AjjULi 


4 »u^> (£ * 
.<_£ jj\j 4 » usi (£ \ 



4 HCl(g) + 0 2 ( g) 


.dll jjjj 5U ^AiTi 4.»-ii( 1 Y 

L>® Oj^J cr^*^ 0^ ^ ® — t V* ) AliujjVt ■ 

_4j^la-a]l I £-a djiA-all (J-al*JI LS^" _j.V.-i<a ^ £ V 

(J-alaJI ^£ £ 

.•AjJLiJ! ^jic- (J j. II (Jc-lilll 4l^ljt>s ^ £ o 

-;( £ A _ £ *1 ) AILujVI ■ 

JAjtl) <^j_j 4 jilj;H 4j£UIl JJLaj ilLaU! ^ILuIl j£-ull 

i _ r Ic. ^JjVl 4 j'laIVsft 41 <>I<>1) j-^allaJ jJalil 1 fl <^iij ^jUl 

.V ‘ ' 

,4151*1! 0 I 1 A ^yj& tillml^p g. ^9 ^ £ *1 

4.151*11 oAA (j-a L_) 4_l^j>JI ^Ia^JLuiI (jiLa! *■ 1)5 ^ .>i j ^ £ V 

,tilllfull £-ljji Ac-l u.o 

llA j£i! (1 A 

_: ^Ult oji*i! (J ( ® ' - * * ) 6- 4lLu^l ■ 

— 2 H 2 0( g) + 2Cl 2(g) , AH = -113 K.J. at 400 °C 

_: jl jjiilt 13u 

.500 °C J\ d&lfill v^ibjl (£5 

^jlA-aW (_j 42 kjui£I (_j-a 44 aS Cliil^al * 
,^)j£! 4 .a’V *v c-U] ^glj (Jc-lilll Jajl'V.a (Jlj Y 


Y* IV / Y.n 


vr 



42laJl LLIA-Sj j_£a X_a 4_jJlaj 4 _j t j *iVi (ji t—i -yj 4 diV^-JUaH ^J A y 

.AaiUjaill 

-;Aa^UUl AiiuiV) ^xaa. £f" 4^ 
— Lm SjUfr ^*H\ AjL^VI £*2 ( ® — ^ ) O - * ^lLuiVi ■ 

(Jc-lilll lg_}3 CliAa. 4. LLlA <lLk (A 

2 Au 3+ (aq) + 3 Zn (s) -*• 2 Au (s) + 3 Zn" + (aq) 

?1 g 1C. ^)4*J ( _ 5 ij Laa 


Au I Au' + II Zn 2+ I Zn Au J+ I Au II Zn I Zn z+ .' 

Zn I Zn 2+ II Au 3+ I Au .■> Zn I Au 3+ II Au I Zn 2+ 

_j_A (j!j)_4 La. ^ ic. Ja3l aj j _iaj£]l (J—C-lilill (Ja »a oAI )J>J (_£Aj J (_£A_S! j -njLlSl ^Y 


Au 3+ I Au II Zn I Zn 2+ 
Zn I Au 3+ II Au I Zn 2+ 


.CiLLc-lViall ^Ja jjj 4ikLaa Jjlaj .4-1 .Jc-liiJI lilla Aj^)jj J 

.ClL>lc.li2l JjjSjj (Jjlaj .-^ . Jc.U2l 1 ii\A jlia. (Jalc- 4jLkAa! _a. 

Jj-la-a O-A 10 ml 6 JJ^Jual 1 M aJh£JJ H 2 SO 4 LLiijjf 2 l cL 3 -^- u-* ml . f j-2 (f 

.lM^i KOH 

2 A 5 .-* 20 .m 10 J 

LjJjlia AajLiaiSi <iAl*-a jtw'i LJ12I clVaU 2I (i 

MgF 2 + Li 2 C0 3 ■* DMgCOs + 2A1 + 6HC1 ■* D3H 2 + A1C1 3 j 

LiF 

CH 4 + 20 2 ■* nC0 2 + H .j P 4 + 30 2 ■* 2P 2 C)i .-=> 

C 2 HgO 42121 4jLi*aail 4_iiiJ)a2l Cj!LLujlia]l AAc- 


o A 


_:( V _ 1 ) <>4iiu&l 

Uc. 42121 CjUjk2 l <>(C)j(B)j(A) hjJaC- CjUSj^ 

.Lljl2! lAjt^->\l £a Jc-lalj Vj j»jJAjjL-sa]l jia £a (Jc-liuj ( A ) 

.^jjAj^ll AjjoiSjjAjAj tllL^^Si (ja J£ £-a J&lijj ( B ) 
( B ) 4-£j2l J) Aa^lij 4c- j a > a C5 lc- (_5jiaj ( C ) 

La^ia (J£j VLia jSa! A , B , C t>® (J^ ^$2) ^^alu ^-2! ClbS^ja]! ^ La (1 
(Jc.U21 1—Sjjia LjliiS £-a A , B (_Jc-li2 LIaLl 2! L_u£l (V 

_• AjjVI fcljljUxJl £y» JS Aalfr Jjj La l_ijS1 ^ \ Y — A ) ^a AliuiVl 
_4_ia a^jj (_^2! J=luij]I AjjLiajS aIj^s (A 

lAjy£jj (jn»M LSjg -v<a oALa ^jla-a Jy£jj l^J oALa L^s^jia-a ^j-va 4iLAa! 


Vi 





b!)Lk]lj oAjui^VI 4_iLac. oAk. djAki (JaII L_ilaa]l * 
4 jj>«•*.]! idllAiiASIj dll» u.t]l Aj.1 k.o ^^3 ^AkimJj jajs.^ 1 ojjij (Jjdac- l_i£1ja ^ \ 

. JjLuj Aj3j ^gij (^jLa]! jUJl (Jjjki ^^3 4/5AkL-aA]! Aibjla]! ^ Y 


_;( ^ 0 _ ^ T ) <> 4liu&! 

cbJja 0.327 ‘ - 1.662 ^ o-^'j <> Jtj^V' Ij! 

: vAP 

.3jjlillj AjjSM LikajA 1 .ag i.a 4 jj£a] 1 4-ijl<l\-v\l A i\~n\\ Jjaj]! La ^ V 

l ilLiVV' Ak- 4iiALaJ! ClL^le-lill! ^-daj ( ^ £ 
.A i\-y\\ 4 _ij jjfL]! 4 x31a]! oji]l i. i.m'nI (^ ° 

-;1 g il j]& d)l>jA] Luj Lk&Luaj 4 j] 1_1]1 4jj.da.tJI JjLSja]! l-uj () 1 

.JjjLyV' — cJjj “'.;]•>]! — JjjjjjjjuJI — Jjlak (JjLjjV! 

_;yjj J£ (J 1& J</r>*i lJj£ CjV^buJb ^Jaj ( ' A _ ' V ; <ja AlLuiVl 

.JjjaiiLsJ! (_ja AjjjoilaJI jlJ (] V 
-( ajjuJl£]! Ajjj£ (_ja tilikuiVI jiaAi. ^) A 
l-ujjall jSj! ( Y V* — Y A ) £ja AibuiV) 

4.C-jA^-al] (■ <1 dl^ ( jjj.jj | 'i jg \! A ib ji£ jlk- £-- a 1 _1 ^4.a\l bljjj]£jjA_lgJl j>i <a~v 4Sl_da! ( ) ^ 

4uiai ^ i] 

_Jaa3 4qi» .>»]! d ll'ii] jjj£]^M (JJLs^a ^gic- 4ll£]l (J*3 (jjjlS (JJflaJ (_jSaj ( Y » 

_^jj£]l £a 4j]IajU 4^jjjoi AjAsJ! (jj^J ( Y ^ 
>Au£b dj^ls. AAxjj AJlajjV! j..ol j«JI jjajj ( Y Y 
_Ijj! jji. lg ]\vi ^uljj Lp b^La \]>jjAjj]! JjiuV! djLLjj£ (Jlki ^bljj a allkj (Y V 

(J^; 1 Jj^AaI! La ( Y c — Y £ ) ^ 'blxuiVi 
. ^UaAl! jlJJ^I (Y i 

.^Vi u»j3V»(Y° 

-! 0-* 1 ( Y ^ — Y % ) ^a AliuiV) 

.(jjLjjjJlj jLjjjll (_$ jlc. (Y1 

. JjfLjjl£]| j dLliujVl (jiiAa. (Y V 
.^jjjU]! djliuij3j ^jjjU]! djLLjjS ^gJjla-a (Y A 

. fJ jJl£]! Aiajjjj f jjjuJli]! Aj^jjIS (Y H 

_ : (rr - r . ) 

-: [Ar], 3d 3 j* Cr 3+ oj& 


o jii (_ ii£i (y * 

? f jjii] A^b 4ju ^ai u (r ^ 

- ^al,'iVnul £a ^jjfii] (ji'lM'IAa (ji'i^juu j£il (TY 
-t ^jLiai£i]l ^JaLuij 4_i_jiLI <_J*a ^»jIai bLal (yy 

'CSiSlxjzl'u LxJaja ? jjaAll ^jjVthMl ^^Jalxj (jc. cJLaSil C£*i t-#j£ (^ ^ 

f.yJs A jla& JMi 4djJj Jtkua <Luaill ^ja ^ 10 uiuijii! ^ jLUl ^iJljlill lauiaJ (V o 

Ag = 108 uiJi* 

Ag + + e ■*• Ag° 

.; jj£jUl AjjLuua lgi£ <jb lalt L^J pH J) A a\W buj L-iC-L-rAi 4_gLU| Jail % all c_uj (T1 

CH 3 COONH 4 - NaCl - Na 2 C0 3 - NH 4 C1. 

A a A !■_ 1 m-0 .aLall (_ 5-2 (jLijAll ^ 1 % >1i i_ )^yja ZllS UJ >.**»jLiLll Ajjj^jiSi L_l£^a (ji 1 "laic. Ij] 
£jfiya 0.4 X 10 ^ (_jA (jJa^ajlibl dlLijji Jy^JJ (j' *•"laic. lil 4j Mali^l Ja^ala.. 

4qj»>>»ll (j^aLa^!iU ^jajjjAigJ! (jjjl JjaSjii 4 il >«*v 4 jqj^v Lidabj dliil (T A 
i _ 5 -a^l (J] AMI (_£AaA£ L-ALuajMI dll jlrs (V H 

d:u^gLIl Ai-m£i ^liij COi la^jjSII Ai_o]£i ^Uij h 2 S " ajjj^jS dil jLc. ^LLii (l * 

LjjLuu£ bl_a. ^ jJial dlLuiljJ -ijAa. .4jLnl] lAiAui b^lii 4 juna 4ac.l n^ill 43-iAnSM <_>« SO -7 

.a 1^11 4j^ia]l diljliJI oi& (_ja 

-:(££-£ ^ ) <>» 4iiuaVI 

(jk 4_aI$JI q^La^Vi o-a >aj 5:7% 4+*mL ^lij^lij cr& a^jj 

_;4_ijc.VI A&liua 

.4_licAl liS'N (_paa^JI I La ^lAkluil 1 -lajui La ^£ ) 

_(jAuarbl IL& 4jJlC.ll La ^ t Y 

iaII ^a bLljlluJI (_paa2v Jc-lij (ja ^Llll 4 _jjLu]I 4 » u^ill L. ll5i 1 V 

^dll^jlaJl (jaaaiJ ( _gjl lal^ll l_u£^)MI ^ o^^ia.ja]l JjjuiSjjAlgJI Ac- ja\a jj La ^ t t 


